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DISCLAIMER 


This  report  is  intended  to  provide  government  and  industry  staff  with  up-to-date  technical 
information  to  assist  in  the  preparation  and  review  of  Development  and  Reclamation  Approvals,  and 
development  of  guidelines  and  operating  procedures.  This  report  is  also  available  to  the  public  so  that 
interested  individuals  similarly  have  access  to  the  most  current  information  on  land  reclamation  topics. 

The  opinions,  findings,  conclusions,  and  recommendations  expressed  in  this  report  are  those 
of  the  author(s)  and  do  not  necessarily  reflect  the  views  of  government  or  industry.  In  particular,  the 
movement  of  a groundwater  plume  from  the  minesite  into  adjacent  unmined  land  reported  in  this 
publication  is  considered  to  be  a unique  event,  related  to  the  specific  geological  and  hydrological 
circumstances  which  occurred  at  the  site.  Mention  of  trade  names  or  commercial  products  does  not 
constitute  endorsement,  or  recommendation  for  use,  by  government  or  industry. 
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PREFACE 

This  is  one  of  a series  of  reports  that  presents  the 
findings  of  the  Plains  Hydrology  and  Reclamation  Project  (PHRP),  an 
interdiscipl  inary  study  that  focuses  primarily  on  hydrologic  aspects 
of  the  reclamation  of  surface  coal  mines  in  the  Plains  of  Alberta. 
This  research  has  been  conducted  by  the  Alberta  Research  Council,  as 
part  of  the  Alberta  Government's  Reclamation  Research  Program.  The 
program  is  managed  by  the  Land  Conservation  and  Reclamation  Council 
and  is  supported  by  the  Alberta  Heritage  Savings  Trust  Fund. 

The  focus  of  the  PHRP  is  to  develop  a predictive  framework 
that  will  permit  projection  of  success  for  reclamation  and  impact  of 
mining  on  water  resources  on  a long-term  basis.  The  predictive 
framework  is  based  on  an  understanding  of  processes  acting  within  the 
landscape  so  that,  in  the  future,  mine  sites  that  are  not  totally 
analogous  to  those  that  have  been  studied  can  be  evaluated  as  well. 

The  project  involves  a holistic  approach  to  reclamation  by 
integration  of  studies  of  geology,  hydrogeology , and  soils,  not  only 
in  the  proposed  mining  area,  but  also  in  the  adjoining  unmined  areas. 
This  approach  permits  the  assessment  of  impacts  and  of  long-term 
performance,  not  only  in  reclaimed  areas,  but  also  in  the  surrounding 
area. 

The  research  of  the  PHRP  was  directed  toward  the  following 
two  major  objectives  and  eight  subobjectives. 

Objective  A 

To  evaluate  the  potential  for  reclamation  of  lands  to  be 
surface  mined.  The  focus  is  on  features  of  the  landscape  that  make 
it  productive  in  a broad  sense  not  restricted  to  revegetation.  This 
objective  was  organized  into  five  subobjectives. 

1.  To  assess  and  evaluate  the  potential  for  long-term 
degradation  of  reclaimed  soils  through  salt  buildup. 

2.  To  assess  and  evaluate  the  effectiveness  of 
topographic  modification  and  selective  placement  of 
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materials  to  mitigate  deleterious  impacts  on  chemical 
quality  of  groundwater. 

3.  To  assess  the  availability  of  water  supply  in  or 
beneath  cast  overburden  to  support  post-mining  land 
use,  including  both  quantity  and  quality 
considerations. 

4.  To  evaluate  the  productivity  potential  (capability)  of 
post-mining  landscapes  and  the  significance  of  changes 
in  capability  as  a result  of  mining. 

5.  To  assess  and  evaluate  limitations  to  post-mining  land 
use  posed  by  physical  instability  of  cast  overburden. 

Objective  B 

To  evaluate  the  long-term  impact  of  mining  and  reclamation 
on  water  quantity  and  quality.  This  objective  was  organized  into 
three  subobjectives. 

1.  To  assess  and  evaluate  the  long-term  alteration  of 
quality  of  groundwater  in  cast  overburden  and  surface 
water  fed  from  mine  spoil  as  a result  of  the 
generation  of  weathering  products. 

2.  To  assess  and  evaluate  infiltration,  groundwater 
recharge,  and  groundwater-surface  water  interactions 
within  cast  overburden. 

3.  To  characterize  the  groundwater  chemistry  generated 
within  cast  overburden. 

Studies  directed  at  these  objectives  began  in  1979  at  the 
Battle  River  site  in  east-central  Alberta.  Work  began  in  1982  at  a 
second  study  area  at  Highvale  Mine  south  of  Lake  Wabamun. 

This  report  addresses  Subobjective  B-1,  "to  assess  and 
evaluate  the  long-term  alteration  of  quality  of  groundwater  in  cast 
overburden  and  surface  water  fed  from  mine  spoil  as  a result  of  the 
generation  of  weathering  products".  It  is  fair  to  say  that  this 
particular  investigation  had  not  been  conceived  at  the  onset  of  the 
project.  Conventional  thinking  clearly  indicated  that  reclaimed 
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surface  coal  mines  would  act  as  hydrologic  sinks,  certainly  for  a 
period  of  many  years  or  decades  after  mining.  The  migration  of  spoil 
groundwater  into  unmined  areas  at  the  Battle  River  site  arises  from  a 
collection  of  favourable  geologic  and  hydrogeologic  features  that  are 
presently  unique  to  the  Vesta  Mine  site.  The  key  features  required 
to  produce  this  off-site  migration,  an  elevated,  ponded  reclaimed 
landscape  and  adjacent  permeable  unmined  aquifer,  are  potentially 
available  at  a number  of  mine  sites.  It  is  hoped  that  an  awareness 
of  the  potential  for  off-site  movement  of  spoil  groundwater  will  have 
some  influence  on  the  design  and  construction  of  reclaimed  landscapes 
in  the  future. 


ABSTRACT 


Groundwater  migrating  from  the  spoil  of  Vesta  Mine  in 
east-central  Alberta  has  produced  two  plumes  of  spoil -contaminated 
groundwater,  one  plume  in  a thin  surficial  sand  aquifer  and  another 
in  a deeper  coal  aquifer.  Major  ion  composition,  salinity,  and 
stable  isotope  makeup  of  the  groundwater  have  been  utilized  to 
differentiate  between  natural  and  spoil -contaminated  groundwater. 

The  groundwater  in  the  reclaimed  mine  spoil  is  of 
Na'*'  - SO4  composition  with  a mean  total  dissolved  solids  (TDS)  of 
7000  mg/L,  and  individual  values  ranging  from  4000  to  14  000  mg/L. 

In  the  unmined  coal  adjacent  to  the  mine  the  first  plume  of 
spoil -affected  groundwater  was  detected,  having  a TDS  of  2500  to 
3200  mg/L,  compared  to  natural  values  of  900  to  1700  mg/L.  Sulfate 
concentrations  increase  from  less  than  50  mg/L  in  the  natural 
groundwater  to  more  than  1000  mg/L  in  this  plume.  There  is  a 
corresponding  shift  in  composition  from  Na'*'  - HCO3  (natural)  to 
Na'*’  - SO4  , HCO3  (contaminated).  The  plume  of  contaminated  water  is 
approximately  2 km  long  and  1 km  wide,  and  is  driven  by  hydraulic 
head  within  the  reclaimed  spoil  that  is  3 to  5 m higher  than  that  in 
the  unrnined  coal.  This  hydraulic  head  results  from  deep  ponds  in  the 
reclaimed  landscape  that  recharge  the  base  of  the  spoil.  The 
direction  of  spoil  groundwater  migration  is  opposite  to  the  premining 
flow  direction,  and  is  controlled  by  the  major  axis  of  horizontal 
permeability  in  the  coal.  There  is  little  or  no  migration  in  the 
direction  of  a regional  groundwater  drain,  a major  meltwater  channel 
now  occupied  by  the  Battle  River.  It  is  likely  that  contamination  by 
spoil  groundwater  will  be  insignificant  at  a distance  of  1.5  to  2 km 
from  Vesta  Mine. 

The  second  plume  of  spoil  groundwater  is  in  a thin  (0  to 
4 m)  surficial  sand  aquifer  adjacent  to  the  mine,  and  has  a salinity 
as  high  as  15  000  mg/L  TDS,  compared  to  the  natural  range  of  600  to 
2600  mg/L.  Sulfate  concentrations  in  this  plume,  at  2000  to 
10  000  mg/L,  are  well  above  natural  levels  of  less  than  1200  mg/L. 


There  is  a corresponding  compositional  shift  from  the  natural  Ca^'*’, 

- HCO3  or  Ca^'*',  Ng^'*’  - HCO3,  SO4”  to  the  contaminated  Na'*', 

Ca^'*’  - SO4"  or  Ca^'*’,  Na'*’  - SO4".  This  plume  of  contaminated  water  is 
approximately  2 km  long  and  2 km  wide.  The  centroid  of  the  plume  is 
located  approximately  1.2  km  southwest  of  Vesta  Mine.  Upgradient 
from  the  centroid  (toward  Vesta  Mine)  TDS  and  sulfate  concentrations 
decline,  indicative  of  both  rapid  movement  of  the  plume  and  a trend 
of  improving  groundwater  quality  with  time  in  the  discharge  from  the 
spoil.  The  direction  of  migration  is  to  the  southwest,  toward  an 
ephemeral  stream  channel  that  is  underlain  by  glacio-fluvial  sand. 
There  is  no  evidence  that  spoil -contaminated  groundwater  is 
discharging  to  the  ephemeral  stream.  The  hydraulic  potential  for  the 
migration  of  this  plume  is  provided  by  a water  table  within  the  spoil 
that  is  2 to  3 m above  that  in  the  sand.  The  high  water  table  in  the 
spoil  is  related  to  a reclaimed  land  surface  that  is,  in  places,  10  m 
above  the  undisturbed  level,  and  to  shallow  ponds  located  high  in  the 
reclaimed  landscape. 


XIV 


ACKNOWLEDGEMENTS 

This  study  was  supported  by  the  Alberta  Heritage  Savings 
Trust  Fund  and  administered  by  the  Reclamation  Research  Technical 
Advisory  Committee  of  the  Alberta  Land  Conservation  and  Reclamation 
Council,  Alberta  Environment.  Mr.  K.E.  Muncy  of  Paintearth  County  is 
gratefully  acknowledged  for  providing  access  to  his  lands. 


INTRODUCTION 


i . 

Anomalously  high-salinity  groundwater  with  high 
concentrations  of  sulfate  was  first  detected  in  wells  completed  in 
coal  and  surficial  sand  aquifers  adjacent  to  Vesta  Mine  in  1981.  To 
test  the  hypothesis  that  this  water,  which  had  a composition  very 
similar  to  spoil  groundwater,  originated  in  the  spoil  at  Vesta  Mine 
and  was  migrating  off-site  to  the  west,  additional  test  drilling  and 
well  installation  was  undertaken  in  1982,  1983,  and  1984  to  define 
the  extent  of  these  spoil -derived  groundwater  plumes  in  the  two 
aquifers.  This  report  is  a summary  of  the  findings  of  this  study. 

The  objective  of  this  study  was  to  evaluate  the 
deterioration,  as  a result  of  surface  coal  mining  and  reclamation, 
of  groundwater  quality  in  undisturbed  areas  adjacent  to  Vesta  Mine. 

1.1  SITE  DESCRIPTION 

The  Battle  River  mining  area,  which  is  located 
approximately  200  km  southeast  of  Edmonton  (Figure  1),  is  part  of  the 
Interior  Plains  Physiographic  Province.  The  land  is  flat  to  gently 
rolling.  The  major  topographic  features  are  the  deeply-incised 
valleys  of  the  Battle  River  and  Paintearth  Creek. 

The  study  site  is  located  south  of  the  Battle  River,  in  an 
area  of  approximately  5.2  km^  situated  primarily  in  sections  14 
and  23  (Tp  40,  R 16,  W 4;  Figure  1);  it  is  immediately  west  of  Vesta 
Mine.  The  area  is  agricultural  land,  with  approximately  two-thirds 
in  cereal  grain  production  and  one- third  in  pasture.  Surface 
drainage  within  the  study  site  is  provided  by  the  Battle  River  to  the 
north,  and  by  Slough  Creek,  an  ephemeral  stream  that  drains  to  the 
southeast  (Figure  2). 

1.2  GEOLOGY 

Bedrock  at  the  study  site  is  sandstone,  siltstone,  shale, 
and  coal  of  the  Lower  Horseshoe  Canyon  formation  (Maslowski  Schutze 
et  al . 1986).  The  Battle  River  Bed,  which  is  the  coal  seam  exploited 
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Figure  1. 


Map  showing  location  of  Battle  River  mining  area  and 
study  site. 
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Figure  2.  Map  showing  location  of  study  site  and  geologic  cross 
sections . 
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at  Vesta  Mine,  is  present  from  13  to  29  m below  ground  surface,  and 
is  from  2.0  to  2.5  m thick. 

The  coal  is  fractured,  with  a major  joint  orientation  of 
approximately  054°  and  a minor  cleat  orientation  of  approximately 
144°  (Vogwill  1976).  The  Battle  River  Bed  is  overlain  by  a sequence 
of  interbedded  shale,  siltstone,  and  sandstone  that  forms  the  bedrock 
overburden. 

The  bedrock  is  overlain  by  glacial  drift  that  ranges  in 
thickness  from  3.0  to  8.2  m (Figure  3)  with  a mean  thickness  of  5.4  m 
and  a standard  deviation  of  1.6  (n  = 19). 

The  surficial  material  in  the  study  area,  as  shown  in 
geologic  cross  sections  (Figures  4 to  8),  is  characterized  by  a thin 
lower  till  unit  'B'  overlying  the  bedrock  that  ranges  in  thickness 
from  0 to  2.4  m.  The  lower  till  is  overlain  by  a sheet-like  sand 
body  from  0 to  4 m thick,  that  is  strati  graphical ly  continuous  with  a 
thick,  sand-fill  sequence  in  the  valley  of  Slough  Creek  (Figures  5 
and  6).  Above  the  sheet-sand  body  is  an  upper  till  sequence  'A'  that 
is  2 to  6 m thick,  with  numerous  inclusions  of  lenticular  sand 
bodies.  In  some  locations,  notably  sites  9,  16,  and  82  the  upper 
till  is  overlain  by  fluvial  sediment,  primarily  sand. 

Through  the  centre  of  the  study  area,  the  sheet  sand  is 
laterally  continuous  north  of  Slough  Creek,  as  shown  in  Cross  Section 
E-F  (Figure  6),  although  its  thickness  is  quite  variable.  Along  the 
western  part  of  the  study  area  (Cross  Section  C-G;  Figure  8)  the 
sheet  sand  is  only  present  within  1 km  of  Slough  Creek;  in  the 
northwest  part  of  the  study  area  the  sheet  sand  is  absent,  as  shown 
in  Figures  7 and  9,  although  the  sand  is  present  along  the  northern 
boundary  of  the  study  area  east  of  site  83  (Cross  Section  G-H; 

Figure  7).  The  southwest-northeast  Cross  Section  C-D  (Figure  5) 
shows  both  the  height  of  the  reclaimed  land  surface  above  the  unmined 
plain  as  well  as  the  continuity  between  the  sheet  sand  and  the  spoil 
at  Vesta  Mine. 

A map  of  drift  thickness  (Figure  3)  shows  that  a 
northeast-southwest  trending  depression  in  the  bedrock  surface  is 
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Figure  3.  Map  showing  thickness  of  drift  at  the  study  site. 
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Figure  4,  North-south  geologic  Cross  Section  A-B.  Geologic  units 
'A'  and  'B'  represent  upper  and  lower  till  units, 
respect i vely. 
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Figure  5 


Southwest-northeast  geologic  Cross  Section  C-D.  'A'  and 
‘B‘  refer  to  upper  and  lower  till  units,  respectively. 
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Figure  6,  Southwest-northeast  geologic  Cross  Section  £-F.  'A'  and 

'B'  refer  to  upper  and  lower  till  units,  respectively. 
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Fi gure  7 . 


West-east  geologic  Cross  Section  G-H.  'A'  and  ‘B‘  refer 
to  upper  and  lower  till  units,  respectively. 


10 


Figure  8.  South-north  geologic  Cross  Section  C-G.  'A'  and  'B‘  refer 
to  upper  and  lower  till  units,  respectively. 
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higure  9.  Map  showing  thickness  of  the  sheet-sand  unit  in  the 
glacial  drift. 
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present  between  site  57  and  sites  97  to  98.  An  isopach  map  of  the 
sheet-sand  body  in  the  lower  part  of  the  drift  (Figure  9)  shows  that 
this  elongate  depression  in  the  bedrock  surface  coincides  with  an 
increased  thickness  of  sand.  This  probably  represents  a buried 
tributary  of  Slough  Creek  that  appears  to  have  drained  to  the 
southwest.  In  addition  to  being  thicker,  the  sand  in  the  vicinity  of 
site  98  is  also  coarser-grai ned ; it  is  a medium-grained  sand  as 
opposed  to  the  fine  grained  sand  that  is  commonly  found  at  nearby 
sites. 

From  a hydrogeologic  point  of  view,  this  buried  channel  is 
significant  because  it  is  a potentially  effective  conduit  for  the 
movement  of  water  and  therefore  the  migration  of  spoil  groundwater, 
from  Vesta  Mine  toward  Slough  Creek. 

At  numerous  locations  discontinuous  lenses  of  sand  have 
been  encountered  at  relatively  shallow  depths  within  the  till  (less 
than  3 m).  These  lenses,  which  appear  to  be  typically  a few  metres 
across  and  less  than  1 m thick,  seem  to  be  an  artifact  of  the  glacial 
history  of  the  site.  It  is  likely  that  the  two  till  units  represent 
two  separate  ice  advances,  separated  by  a period  of  fluvial  sand 
deposition.  The  second  ice  advance,  overriding  the  sheet  sand, 
probably  excavated  blocks  of  this  sand  and  incorporated  them  in  the 
basal  till  of  the  second  ice  advance.  These  blocks  of  sand  that  were 
picked  up  from  the  sheet-sand  body  by  the  second  ice  advance  form  the 
present-day  discontinuous  sand  lenses  found  in  the  upper  till  unit. 
Similarly,  there  are  places,  such  as  site  94,  where  the  sheet  sand  is 
absent;  these  are  areas  where  blocks  of  the  entire  sheet  sand  were 
excavated  by  the  second  ice  advance,  leaving  the  upper  till  lying 
directly  on  the  lower  till  unit.  For  example,  along  the  east  side  of 
the  study  area,  as  shown  by  Cross  Section  A-B  (Figure  4)  the  sheet 
sand  is  continuous  everywhere  except  at  site  BR94,  where  a small 
block  has  been  removed. 


13 


2.  GROUNDWATER  FLOW  CONDITIONS 

Groundwater  flow  patterns  in  the  drift  are  controlled  to  a 
large  extent  by  relief  and  surface  drainage  features.  In  the  Battle 
River  Bed,  groundwater  flow  is  more  complex,  with  regional  drainage 
features,  local  drainage  near  the  mine  pit,  and  the  anisotropy  of 
hydraulic  conductivity  in  the  coal  all  impacting  the  pattern  of 
groundwater  flow. 

A piezometric  surface  map  for  the  Battle  River  Bed 
(Figure  10),  including  the  base  of  the  spoil  at  Vesta  Mine  (the 
post-mining  stratigraphic  equivalent  of  the  Battle  River  Bed)  shows 
that  there  is  a significant  component  of  groundwater  flow  directed 
from  the  spoil  to  the  northwest,  west  and  southwest  into  the  Battle 
River  Bed.  Hydraulic  head  at  the  base  of  the  spoil  is  as  high  as  729 
to  734  m above  sea  level,  compared  to  heads  in  the  unmined  coal  that 
are  typically  720  to  725  m above  sea  level.  The  high  heads  in  the 
spoil  are  due  to  deep  ponds  that  recharge  the  base  of  the  spoil,  and 
to  a north-south  trending  berm  approximately  10  m in  height  that  is 
present  along  the  western  boundary  of  the  mine.  The  natural 
direction  of  groundwater  flow  in  the  Battle  River  Bed  is  from 
southwest  to  northeast,  with  discharge  occurring  at  the  outcrop  in 
the  Battle  River  valley.  In  the  vicinity  of  Vesta  Mine  drainage  into 
the  pit  has  lowered  heads  in  the  coal  from  716  to  718  m above  sea 
level.  The  resulting  cone  of  depression  extends  1 to  2 km  to  the 
southeast  of  the  pit,  and  also  to  the  southwest.  This  southwestern 
part  of  the  cone  of  depression  around  the  mine  pit  acts  as  the 
mechanism  of  discharge  for  the  westward  component  of  groundwater  flow 
that  originates  in  the  older  mine  spoil  to  the  north  of  the  pit.  In 
other  words,  groundwater  that  is  directed  from  the  spoil  into  the 
unmined  coal  to  the  west  of  Vesta  Mine  is  drawn  back  into  the  mine 
because  of  the  dewatering  by  the  active  pit  situated  to  the  south  of 
the  reclaimed  area. 

A water-table  map  for  the  drift  (Figure  11)  illustrates  the 
potential  for  groundwater  movement  from  the  elevated  area  at  Vesta 
Mine  westward  into  the  unmined  drift.  Water-table  elevations  of 
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Figure  lU.  Piezometric  surfacp  map  for  the  Battle  River  Bed. 
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Figure  11.  Water-table  map  for  the  drift. 


16 


approximately  735  to  737  m above  sea  level  are  present  in  the 
reclaimed  spoil,  compared  to  733  to  734  m above  sea  level  in  the 
drift  west  of  the  mine.  A groundwater  divide  trending  northwest- 
southeast  bisects  Sec  23,  separating  groundwater  flow  at  the  water 
table  into  a north  and  northeast  component,  directed  toward  the 
Battle  River  valley,  and  a southwest  component,  with  flow  toward 
Slough  Creek.  At  site  BR85,  where  the  drift  is  3.2  m thick 
(Figure  3),  the  water  table  is  below  the  drift  for  much  of  the  year. 
In  the  period  from  June  to  December  1983,  for  example,  the  water 
table  was  more  than  3 m below  ground  surface  except  from  early  July 
to  early  September.  This  lack  of  hydraulic  continuity  with  the  rest 
of  the  drift  groundwater-f 1 ow  system  probably  results  in  the  bulk  of 
drift  groundwater  movement  around  this  site,  to  the  north  and  west. 
Horizontal  hydraulic  gradients  in  the  drift  range  from  0.0015 
to  0.01,  with  most  values  at  about  0.003. 

Slough  Creek  probably  functions  as  a hydraulic  drain,  not 
by  surface  discharge,  but  by  subsurface  flow  in  the  unconsolidated 
sand  that  infills  the  stream  channel  to  a depth  of  approximately  9 m. 
The  northward-di rected  groundwater  flow  component  discharges 
approximately  2 km  to  the  north  at  the  outcrop  of  the  drift  in  the 
valley  of  the  Battle  River, 
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3 . GROUNDWATER  CHEMISTRY  AND  PLUME  DELINEATION 

The  potential  for  migration  of  groundwater  from  the  spoil 
at  Vesta  Mine  into  the  unmined  drift  and  coal  west  of  the  mine  is 
confirmed  by  the  presence  of  high  salinity,  sodium-calcium-sulfate 
water  in  unmined  aquifers  adjacent  to  the  mine. 

3.1  BATTLE  RIVER  BED  PLUME 

Wells  installed  in  the  Battle  River  Red  at  six  sites 
located  immediately  west  of  Vesta  Mine  were  sampled  in  order  to 
determine  the  extent  of  lateral  migration  of  spoil  groundwater  into 
the  coal . 

On  the  basis  of  major  ion  chemistry  (Table  1),  spoil- 
derived  groundwater  has  been  detected  at  two  sites  west  of  Vesta 
Mine,  10  and  75.  The  delineation  of  the  plume  is  best  illustrated  by 
the  distribution  of  sulfate,  which  is  at  levels  of  960  to  2600  mg/L 
in  the  plume,  compared  to  6 to  200  mg/L  in  the  natural  groundwater  in 
the  Battle  River  Bed  (Figure  12;  Table  1),  The  mean  sulfate 
concentration  of  3900  mg/L  in  the  spoil  groundwater  at  Vesta  Mine 
suggests  that  a significant  degree  of  mixing  of  groundwater  from  the 
spoil  with  groundwater  from  the  coal  has  taken  place  within  the 
plume,  resulting  in  the  levels  of  sulfate  observed  in  the  plume. 

The  chemical  composition  of  groundwater  in  the  spoil 
derived  plume  is  quite  similar  to  that  of  groundwater  from  the  spoil 
at  Vesta  Mine,  and  bears  little  resemblance  to  the  natural 
groundwater  from  the  Battle  River  Bed.  The  composition  of  unaffected 
groundwater  from  the  coal  in  the  vicinity  of  Vesta  Mine  is  Na'*'  - HCO3 
to  Na'*'  - HCO3,  Cl",  with  TDS  ranging  from  800  to  1900  mg/L  (Figures 
13  and  14).  Sodium  makes  up  over  90%  of  the  cation  composition  and 
bicarbonate  composes  over  65%  of  the  anionic  component.  Chloride  is 
a secondary  constituent,  making  up  as  much  as  35%  of  the  anion 
composition.  Sulfate  makes  up  less  than  20%  of  the  anions  in  almost 
all  cases.  In  the  plume,  on  the  other  hand,  the  groundwater  is  of 
Na'*'  - SO4  , HCO3  composition,  with  TDS  ranging  from  2515  to 
3134  mg/L.  Sodium  makes  up  from  65  to  70%  of  the  cation  fractions. 


Table  1.  Chemical  and  isotopic  characteristics  of  natural  and  contaminated  groundwater  from  the  Battle  River  Bed. 
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Figure  12.  Map  showing  concentration  of  sulfate  in  groundwater  from 
the  Rattle  River  Bed. 
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Figure  13,  Map  showing  concentration  of  total  dissolved  solids  in 
groundwater  from  the  Battle  River  Red. 
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Ca  Cl 


Figure  14.  Piper  trilinear  diagram  for  groundwater  samples  from  the 
Battle  River  Bed. 
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whereas  the  remaining  10  to  35%  is  primarily  calcium.  Sulfate  is  the 
dominant  anion,  composing  60  to  90%  of  the  anion  fraction,  and 
chloride  is  almost  negligible  at  less  than  5%  of  the  anion  component. 
As  shown  in  Figure  14,  the  composition  of  the  plume  sample  from  site 
10  is  indistinguishable  from  the  spoil  groundwater  at  Vesta  Mine 
(which  has  75  to  95%  sulfate  and  45  to  95%  sodium),  although  it  is 
somewhat  less  saline.  The  plume  sample  from  site  75,  however,  is 
composi ti onal ly  intermediate  between  the  spoil  groundwater  and  the 
natural  Battle  River  Bed  groundwater,  suggesting  mixing  or  dilution. 

The  extent  of  mixing  and  dilution  of  the  spoil  groundwater 
plume  at  site  75  is  not  certain,  but  estimates  indicate  that  the 
groundwater  in  the  Battle  River  Red  at  site  75  is  made  up  of 
approximately  24%  spoil  groundwater.  These  estimates  are  based  on  a 
simple  mixing  of  the  mean  sulfate  concentration  of  spoil  groundwater 
with  the  mean  sulfate  concentrations  of  water  from  the  Battle  River 
Bed  in  the  vicinity  of  site  75.  Since  the  influence  of  the  spoil 
groundwater  is  reduced  by  roughly  75%  at  a distance  of  approximately 
1 km  from  the  mine,  it  is  likely  that  contamination  by  spoil 
groundwater  will  be  insignificant  at  a distance  of  approximately  1.5 
to  2 km. 

The  absence  of  spoi 1 -deri ved  groundwater  in  the  Battle 
River  Bed  at  site  76,  immediately  west  of  Vesta  Mine,  is  an 
unexpected  finding  that  is  related  to  the  direction  of  migration  of 
groundwater  from  the  mine.  The  apparent  direction  of  spoil 
groundwater  migration  is  to  the  south-southwest,  with  virtually  no 
movement  detected  in  either  north  or  west  directions.  The 
explanation  of  this  phenomenon  is  based  on  the  fracture  pattern  in 
the  coal,  and  resulting  anisotropy  of  hydraulic  conductivity  in  the 
horizontal  plane.  The  average  orientation  of  the  major  vertical 
cleat  in  the  Battle  River  Bed  is  054°  (N54°E;  Vogwi 1 1 1976)  to 
05B°  (N58°F;  measured  at  the  Vesta  Mine  Highwall  1980),  as  shown  in 
Figures  12  and  13.  The  minor  cleat  in  the  coal  is  at  144°  (N36°W; 
Vogwi 1 1 1976)  to  141°  (N39°W;  measured  at  the  Vesta  Mine  Highwall 
1980)  also  as  shown  in  Figures  12  and  13.  The  major  axis  of 
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hydraulic  conductivity,  based  on  aquifer  tests  in  the  eastern  part  of 
Vesta  Mine,  has  an  average  direction  of  018°  (N18°E),  with  measured 
values  ranging  from  006°  (N6°E)  to  030°  (N30°E)  (Vogwill  1976),  with 
the  minor  axis  of  hydraulic  conductivity  at  right  angles  to  these 
directions  (Figures  12  and  13),  The  major  axis  of  hydraulic 
conductivity  corresponds  to  a resultant  of  the  two  cleat  directions 
(Vogwill  1976).  Because  of  this  anisotropy  of  hydraulic  conductivity 
there  is  a strong  tendency  for  groundwater  to  flow  preferentially  in 
the  direction  of  the  major  axis  of  hydraulic  conductivity,  that  is, 
from  Vesta  Mine  to  the  south-southwest.  As  the  flow  progresses 
through  the  coal,  dispersion  causes  the  plume  to  increase  in  size  in 
both  longitudinal  and  transverse  directions,  which  acts  to  increase 
its  east-west  dimension.  Consequently,  if  the  plume  in  the  Battle 
River  Bed  originated  in  the  deep  ponds  of  Vesta  Mine  located  just 
east  and  south  of  site  76,  then  the  direction  of  migration,  including 
the  dispersive  component,  will  be  away  from  site  76  to  the  southwest, 
toward  sites  10  and  75. 

Other  chemical  parameters  provide  indications  as  to  the 
origin  of  the  groundwater  in  the  plume.  Calcium  concentrations  in 
the  plume  are  from  45  to  187  mg/L,  compared  to  the  natural  range  of 
values  from  3.0  to  11.3  (Table  1).  Similarly,  the  concentration  of 
magnesium  in  the  plume  is  from  6.8  to  31.2  mg/L,  compared  to  a 
maximum  concentration  in  the  natural  groundwater  of  2.6  mg/L 
(Table  1).  In  both  of  these  cases,  the  concentrations  are 
intermediate  between  those  in  the  coal  and  those  in  the  spoil 
groundwater,  indicating  some  degree  of  mixing.  The  same  general 
observation  is  true  for  values  of  gypsum  saturation  index,  Ca^'''/Mg2+ 
ratios  and  Na'^/K'*'  ratios  (Table  1). 

Stable  isotope  and  tritium  data  for  this  group  of  samples 
is  somewhat  sparse,  although  the  one  oxygen-18  and  deuterium  analysis 
that  is  available  for  the  plume  (from  site  BRIO)  is  isotopically 
lighter  than  any  of  the  natural  Battle  River  Bed  samples,  and  well 
within  the  range  of  values  that  is  typical  of  spoil  groundwater  from 
Vesta  Mi ne  (Tabl el). 
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3.2  DRIFT  PLUME 

The  natural  groundwater  in  the  drift  has  a chemical  makeup 
that  can  be  broken  down  into  three  major  groups  (Table  2;  Figure  15). 
The  first  has  bicarbonate  as  the  major  anion,  with  either  calcium  or 
sodium  as  the  dominant  cation.  The  TDS  concentrations  in  this  group 
are  low,  ranging  from  400  to  1300  mg/L,  as  are  the  sulfate 
concentrations,  which  range  from  20  to  220  mg/L.  The  second  major 
type  of  water  has  sulfate  as  the  principal  anion,  and  calcium  plus 
magnesium  making  up  more  than  70%  of  the  cation  component.  In  this 
group  of  samples,  TDS  concentrations  are  low  to  moderate,  ranging 
from  600  to  2500  mg/L,  and  sulfate  concentrations  are  moderate, 
ranging  from  100  to  1200  mg/L.  The  third  major  type  of 
naturally-occurring  groundwater  in  the  drift  also  is  dominated  by 
sulfate,  at  70  to  80%  of  the  anionic  component;  sodium  makes  up  from 
40  to  80%  of  the  cation  fraction.  In  these  samples  TDS 
concentrations  are  moderate  (2200  to  3200  mg/L),  as  are  sulfate 
concentrations,  which  range  from  1000  to  1500  mg/L. 

The  samples  of  drift  groundwater  that  are  indicative  of 
contamination  by  spoil  groundwater  are  similar  in  composition  to  the 
third  group  of  natural  drift  groundwater  samples  but  are  higher  in 
sulfate  and  much  more  saline.  The  composition  of  the  contaminated 
samples  (Figure  15)  is  dominated  by  sodium  (35  to  90%  of  the  cation 
fraction)  and  sulfate  (80  to  95%  of  the  anion  fraction).  The  TDS 
concentrations  range  from  4100  to  14  900  mg/L,  with  most  values 
between  5000  to  8000  mg/L  (Table  3).  Similarly,  sulfate 
concentrations  range  from  2400  to  9600  mg/L,  with  most  values  between 
3000  to  6000  mg/L  (Table  3). 

The  spatial  distribution  of  TDS  and  sulfate  concentrations 
in  the  lower  sand  horizon  of  the  drift  can  be  used  to  delineate  the 
extent  of  the  spoil  groundwater  plume  in  the  drift  (Figures  16  and 
17;  Tables  2 and  3).  On  a contour  map  of  TDS  in  the  drift 
groundwater  (Figure  16)  the  spoil  groundwater  plume  corresponds 
approximately  to  the  4000  mg/L  contour.  A zone  of  mixing  of  the  two 
sources  of  water  probably  exists  between  the  3000  and  4000  mg/L 


Table  2.  Chemical  and  isotopic  characteristics  of  natural  drift  groundwater. 
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Natural  Group  I 


Natural  Group  II 

Mg 


• Spoil  groundwater  plume 

• Natural  drift  groundwater 


® Mixing  zone 


• 10-8(8143) 

\ 

10-6  (5421) 

95-2(4660) 

••75-2(7013) 

* 9-^7(2626)'^  • 95-1  (4141) 

^ ( I *86-1(12573) 

97-1(4343)#  • 76-2(8590) 

81 -l' (2624)-  " 

\ I •87-1(14873) 

3-1  (3578)®  * 87-1(12741) 

\ \ ^74-2(6555)  gQ, 

2)  Natural  Group  III 


Ca^ 


Figure  15. 


Piper  trilinear  diagram  for 
The  labels  attached  to  each 
number,  and  in  parentheses. 


drift  groundwater  samples, 
point  indicate  the  well 
the  total  dissolved  solids. 


Table  3.  Chemical  and  isotopic  characteristics  of  contaminated  drift  groundwater. 
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Figure  16.  Hap  showing  concentration  of  total  dissolved  solids  in 
groundwater  from  the  drift. 


Tp40 
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Figure  17.  Map  showing  concentration  of  sulfate  in  groundwater  from 
the  drift. 
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contours.  The  highest  TDS  concentrations  (13  100  to  14  900  mg/L) 
occur  at  sites  57,  86,  and  87,  closest  to  the  discharge  zone  in 
Slough  Creek.  The  TDS  contours  tail  off  toward  Vesta  Mine;  along  the 
mine  boundary  TDS  values  range  from  5100  to  12  400  mg/L.  The  shape 
of  the  TDS  contours,  with  the  highest  concentrations  at  some  distance 
from  the  mine,  suggest  that  the  present-day  plume  represents  the  tail 
end  of  a highly  saline  slug  of  water  released  from  the  mine  spoil  at 
some  time  in  the  past.  The  14  000  to  15  000  mg/L  zone  of  the  present 
plume  may  represent  the  centroid  of  the  original  plume.  This 
original  plume  may  have  resulted  from  an  initial  flushing  of  highly 
soluble  sodium  sulfate  salts  from  the  spoil,  whereas  the  present-day 
release  represents  a less  saline  sodium-calcium-sulfate  composition. 

Essentially  the  same  pattern  is  illustrated  by  a contour 
map  of  sulfate  concentrations  in  the  drift  groundwater  (Figure  17). 

In  this  case,  the  2000  mg/L  contour  approximately  defines  the  extent 
of  the  plume  and  corresponds  very  closely  to  the  plume  defined  by  the 
4000  mg/L  contour  of  TDS.  The  sulfate  plume  also  tails  off  toward 
Vesta  Mine,  with  concentrations  declining  from  over  9000  mg/L  near 
Slough  Creek,  to  3100  to  8000  mg/L  along  the  mine  boundary.  This 
pattern  also  suggests  that  the  observed  plume  represents  a remnant  of 
an  older,  high  salinity  slug  of  water  in  addition  to  the  present 
moderate  salinity  release. 

The  plume  of  spoi 1 -affected  groundwater  in  the  drift  has 
many  chemical  character! sti cs  in  common  with  the  spoil  groundwater  at 
Vesta  Mine,  and  these  character! st i cs  help  to  differentiate  the 
spoi 1 -deri ved  groundwater  from  the  most  saline  of  the  natural  drift 
groundwater. 

For  example,  gypsum  saturation  index  (SI)  values  in  natural 
drift  groundwater  (Table  2)  indicate  that  in  all  cases  the  water  is 
undersaturated  with  respect  to  gypsum.  In  the  plume,  46%  of  the 
wells  have  groundwater  supersatu rated  with  respect  to  gypsum,  and  62% 
of  the  samples  have  a gypsum  SI  value  greater  (i.e.,  more  positive) 
than  -0.2.  This  is  similar  to  the  spoil  groundwater  at  Vesta  Mine, 
in  which  73%  of  the  groundwater  samples  have  gypsum  SI  values  greater 
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than  -0.2.  Only  7%  of  the  natural  drift  groundwater  samples,  on  the 

other  hand,  have  gypsum  SI  values  greater  than  -0.2.  Thirty-four 

percent  of  the  spoil  groundwater  samples  are  supersaturated  with 

gypsum,  compared  to  ^6%  of  the  plume  samples.  This  difference  is 

attributable  to  the  large  reservoir  of  available  calcium  associated 

with  the  abundant  carbonate  minerals  in  the  drift.  Relatively  small 

concentrations  of  Ca^'*'  from  carbonate  mineral  dissolution,  in 

2- 

combination  with  very  high  concentrations  of  SO4  from  the  spoil 
groundwater,  result  in  saturation  or  supersaturati on  with  gypsum, 
particularly  since  the  spoil  groundwater  is  at  or  near  gypsum 
saturation  as  it  enters  the  drift. 

The  mole  ratios  of  Ca^'^/Mg2+  are  also  distinctive  in  the 
plume  groundwater  (Tables  2 and  3).  The  mean  Ca^'^/Mg2+  ratio  of  the 
natural  groundwater  from  drift  wells  is  2.06  (standard  deviation  = 
0.55,  n = 14).  In  the  plume  the  mean  Ca^'''/Mg2+  ratio  is  0.82,  with  a 
standard  deviation  of  0.29  (n  = 13).  In  the  spoil  groundwater  at 
Vesta  Mine  the  mean  Ca2+/Mg2+  ratio  is  1.75  (standard  deviation  = 
1.09,  n = 41),  which  is  intermediate  between  that  of  the  natural  and 
plume  groundwaters . The  reduction  of  the  Ca^'^/Mg2+  ratio  in  the 
plume  relative  to  the  spoil  groundwater  is  probably  a reflection  of 
gypsum  precipitation  in  the  plume.  Since  the  plume  groundwater  is  in 
many  cases  supersaturated  with  gypsum,  active  precipitation  of  gypsum 
in  the  plume  is  likely.  This  will  remove  Ca^"^  from  the  groundwater, 
thereby  reducing  the  Ca^'*'/Mg^‘*'  ratio. 

The  mole  ratio  of  Na‘''/K''’  in  the  plume  groundwater  is  also 
closely  related  to  that  in  the  spoil  groundwater,  and  is  distinct 
from  that  of  the  natural  drift  groundwater  (Tables  2 and  3).  In  the 
spoil  groundwater  at  Vesta  Mine  the  Na'^/K'^  ratio  typically  ranges 
from  approximately  150  to  350,  with  a mean  of  209.0  and  a standard 
deviation  of  76.0  (n  = 41).  Such  high  Na'^/K"''  ratios  are  typical  of 
groundwater  in  the  Horseshoe  Canyon  formation  at  the  Battle  River 
site  (mean  Na'^'/K'*'  ratio  = 204,  standard  deviation  = 145,  n = 34)  and 
probably  reflect  the  greater  abundance  of  sodium  in  the  rock,  and  the 
increased  affinity  of  K'*'  for  adsorption  onto  clay  mineral  exchange 
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sites  compared  to  sodium  (Freeze  and  Cherry  1979),  The  plume  of 
contaminated  groundwater  has  a mean  Na‘‘‘/K‘‘'  ratio  of  211  (standard 
deviation  = 100,  n = 13)  which  reflects  its  source  in  the  spoil  at 
Vesta  Mine.  The  mean  Na‘*'/K‘*’  ratio  of  natural  drift  groundwater  at 
43.8  (standard  deviation  = 46.7,  n = 14)  is  only  one-fifth  that  of 
the  ratio  in  the  plume,  and  reflects  a different  material  of  origin, 
that  is,  glacial  till  and  sand  as  opposed  to  bedrock  of  the  Horseshoe 
Canyon  formation. 

Several  wells  within  the  plume  of  spoil  groundwater  were 
sampled  repeatedly  between  1981  and  1986  (Figure  18).  In  well  74-2 
TDS  concentrations  showed  a gradual  decline  between  December  1982  and 
June  1984,  and  a slight  increase  by  August  1985.  At  site  76  the 
maximum  TDS  concentration  of  over  12  000  mg/L  occurred  in  1982,  and 
declined  significantly  to  less  than  8000  mg/L  by  1983.  Since  1983 
TDS  concentrations  at  this  site  have  fluctuated  between  7000  and 
9000  mg/L.  This  pattern  is  consistent  with  the  i nterpretati on  that  a 
high  salinity  initial  pulse  was  released  from  the  spoil  at  Vesta 
Mine,  the  tail  end  of  which  was  passing  through  site  76  in  1982.  The 
subsequent  release  of  groundwater  from  Vesta  Mine,  after  the  initial 
'flushing',  was  more  representati ve  of  present-day  spoil  groundwater, 
which  has  a mean  TDS  concentration  of  7400  mg/L.  This  is  typical  of 
the  post-1982  TDS  levels  at  site  76.  Groundwater  samples  from  wells 
86-1  and  87-1,  which  were  first  sampled  in  June  1983,  showed  maximum 
TDS  concentrations  in  the  initial  samples,  with  decreasing 
concentrations  in  1984  and  1985.  In  1986,  well  86-1  showed  a further 
decline  in  TDS  of  over  1000  mg/L,  whereas  the  TDS  concentration  in 
well  37-1  increased  by  nearly  1000  mg/L.  The  overall  trend,  however, 
shows  a general  decrease  in  concentrations  with  time,  consistent  with 
the  migration  of  the  saline  initial  plume,  and  flushing  with  less 
saline,  present-day  spoil  groundwater.  Limited  data  available  from 
sites  10  and  57  are  inconclusive.  Repeat  sampling  of  wells  10-6  and 
10-8  in  October  1981  and  June  1983  show  small  but  cont radi ctory 
changes  in  TDS  concentrations.  From  these  samples,  well  10-6  showed 
a 137  mg/L  increase  in  TDS  concentration,  whereas  well  10-8  showed  a 
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Figure  18.  Changes  in  total  dissolved  solids  and  sulfate 

concentrations  for  selected  wells,  198(,)  to  198b. 
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187  mg/L  decrease.  Over  the  same  time  period,  TDS  concentrations  in 
well  57-2  decreased  by  1492  mg/L,  which  is  consistent  with  the 
hypothesis  that  general  decreases  in  salinity  are  associated  with  the 
migration  of  the  plume.  Although  there  is  good  evidence  to  show  that 
groundwater  is  being  flushed  through  the  plume,  additional  evidence 
indicates  that  the  lateral  extent  of  the  plume  has  remained 
essentially  constant  with  time.  Two  samples  from  well  88-1,  located 
in  the  mixing  zone  along  the  northwest  border  of  the  plume 
(Figures  16  and  17),  collected  in  1983  and  1986  show  very  little 
change,  suggesting  that  the  plume  is  not  expanding  in  that  direction. 
Furthermore,  none  of  the  sites  originally  characterized  as  having 
natural  drift  groundwater  have  been  found  to  subsequently  become 
affected  by  spoil  groundwater. 

Stable  isotope  data  for  the  drift  groundwater  illustrates 
two  important  characteri sti cs  (Figure  19).  First,  groundwater  in  the 
drift  is  primarily  meteoric  in  origin,  and  there  is  no  consistent 
difference  in  isotopic  composition  between  natural  and  contaminated 
drift  groundwater  and  Vesta  spoil  groundwater.  Second,  there  is 
almost  no  evidence  of  evaporation  shown  by  the  stable  isotope  data; 
therefore,  evaporative  concentration  of  naturally  derived  salts  is 
not  the  mechanism  responsible  for  the  high  salinity  groundwater  in 

I 1 o 

the  drift.  Plots  of  TDS  and  Na  versus  0 (Figures  20  and  21)  also 

show  this.  Since  sodium  salts  are  all  very  soluble,  the 

concentration  of  sodium  in  groundwater  is  unlikely  to  be  affected  by 

mineral  precipitation  associated  with  evaporative  concentration.  In 

Figures  20  and  21  it  can  be  seen  that  the  concentration  of  both  TDS 

18 

and  sodium  in  the  drift  groundwater  are  independent  of  0.  Under 

conditions  of  evaporative  concentration,  a linear  relationship 
18 

between  6 0 and  either  sodium  or  TDS  would  be  expected.  One  sample, 

from  well  57-2,  does  show  some  evidence  of  slight  evaporative 

1 8 

concentration.  The  value  of  6 0 for  sample  57-2-2  is 

-17.7  per  mille  compared  to  -22  to  -24  per  mille  for  most  of  the 
other  samples.  In  addition,  the  sample  plots  to  the  right  of  the 
meteoric  water  line  (Figure  19)  in  a position  characteri sti c of 
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Figure  19.  Deuterium  versus  oxygen-lft  for  groundwater  from  drift, 
including  spoil  groundwater  from  Vesta  Mine, 
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Total  dissolved  solids  concentration  versus  oxygen-18  for 
groundwater  from  the  drift. 
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Figure  21.  Sodium  concentration  versus  oxygen-18  for  groundwater 
from  the  drift. 
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evaporation  observed  in  ponds  at  the  Battle  River  mining  area 
(Trudell  et  al . 1987).  Consequently,  at  least  a portion  of  the  high 
salinity  in  this  sample  is  due  to  evaporation. 

Samples  from  both  natural  and  contaminated  drift 
groundwater,  as  well  as  spoil  groundwater  from  Vesta  Mine,  were 
analysed  for  tritium  (Tables  2 and  3).  Tritium  is  the  radioactive 
isotope  of  hydrogen  (atomic  mass  = 3 amu)  present  in  water. 
Precipitation  since  the  early  1950s  has  had  relatively  high 
concentrations  of  tritium  as  a result  of  atmospheric  testing  of 
thermonuclear  devices.  The  concentration  of  tritium  in  precipitation 
measured  in  Edmonton  reached  a peak  in  1963  at  4022  tritium  units 
(TU,  where  1 TU  = 1 atom  in  10^^  hydrogen  atoms;  Brown  1970)  and 
has  since  undergone  an  exponential  decline,  with  present-day 
precipitation  at  approximately  42  TU  (Trudell  et  al . 1988). 
Groundwater  recharged  from  precipitation  prior  to  1952  will  have  a 
tritium  content  of  approximately  5 to  10  TU  (Egboka  et  al . 1983)  and, 
given  analytical  precision  and  potential  contamination,  measured 
values  of  less  than  20  to  25  TU  may  be  considered  to  be  from  pre-1952 
water. 

On  the  basis  of  tritium  concentrations,  all  of  the  natural 
drift  groundwater  (with  the  exception  of  one  sample,  from  well  17-7; 
Table  2)  is  judged  to  be  post-1952  in  age,  with  a mean  tritium 
concentration  of  90  TU  (standard  deviation  = 41,  n = 10),  and  values 
ranging  from  39  to  168  TU.  The  spoil  groundwater  at  Vesta  Mine,  on 
the  other  hand,  has  both  recent  (post-1952)  and  old  (pre-1952)  water, 
as  well  as  water  that  may  be  a mixture  of  the  two.  Approximately  78% 
of  the  samples  from  Vesta  Mine  have  tritium  concentrations  above 
26  TU,  reflecting  recently  recharged  water.  Of  this  78%,  22%  of  the 
samples  are  between  88  to  171  TU,  and  56%  are  between  26  and  58  TU. 
The  remaining  22%  represents  pre-1952  water,  and  may  reflect 
undiluted  groundwater  from  the  Battle  River  Bed  that  recharged  the 
base  of  the  spoil  immediately  after  mining.  The  mean  tritium 
concentration  of  the  Vesta  spoil  groundwater  is  42  TU  (standard 
deviation  = 33,  n = 32)  and  probably  represents  a mixing  of  high 
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tritium,  recent  water  that  recharged  through  the  spoil  with  low 
tritium,  older  water  that  was  introduced  into  the  spoil  by  lateral 
inflow  from  the  unmined  coal.  This  mixed  nature  of  the  spoil 
groundwater  is  also  typical  of  the  groundwater  in  the  plume.  The 
mean  tritium  concentration  of  groundwater  from  the  plume  is  34  TU, 
with  a standard  deviation  of  34  (n  = 15).  Forty-seven  percent  of  the 
plume  samples  are  post-1952  water,  on  the  basis  of  tritium 
concentrations,  with  the  remaining  53%  of  the  samples  having  less 
than  25  TU.  The  range  of  individual  values,  from  0 to  133  TU,  is 
also  much  like  that  in  the  Vesta  spoil  groundwater,  in  which  tritium 
values  range  from  0 to  171  TU.  Considering  that  there  is  little 
difference  in  depth  between  the  natural  drift  groundwater  samples 
(mean  depth  = 5.2  m)  and  the  drift  plume  groundwater  samples  (mean 
depth  = 5.6  m)  it  is  unlikely  that  the  observed  difference  in  tritium 
concentrations  between  the  two  groups  is  due  to  natural  differences 
in  the  age  of  the  recharge  water. 

Given  this  range  of  parameters  to  characterize  the  spoil- 
derived  groundwater  plume  and  delineate  it  from  the  natural  drift 
groundwater,  it  is  evident  that  the  origin  of  the  plume  is  the  spoil 
groundwater  at  Vesta  Mine.  As  shown  in  Figures  16  and  17  the  spoil 
groundwater  plume  extends  for  a distance  of  1.7  km  to  the  southwest 
of  Vesta  Mine,  and  has  a width  of  approximately  1.4  to  1.6  km. 
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4 . EFFECTS  OF  SPOIL  GROUNDWATER  MIGRATION  ON  SOIL  SALINITY 

An  accumulation  of  salts  has  been  observed  at  the  soil 
surface  above  the  plume  of  spoil-derived  groundwater  along 
Highway  855  immediately  west  of  the  mine  in  Sec  23,  Tp  40,  R 16,  W 4. 
According  to  the  landowner,  this  accumulation  appears  to  be  worsening 
with  time. 

The  objective  of  this  segment  of  the  investigation  was  to 
characterize  the  soil  salinity,  particularly  in  Sec  23,  Tp  40,  R 16, 

W 4 and  to  identify  the  source  of  that  salinity. 

The  field  program  to  accomplish  this  objective  had  two 
components:  (1)  soil  core  sampling  to  a depth  of  2 m and  analysis  of 

saturated  paste  extracts  along  four  east-west  transects  including 
affected  and  nonaffected  areas,  and  (2)  soil  salinity  mapping  using 
electromagnetic  induction  profiles. 

4.1  SOIL  CORE  SAMPLING 

Fourteen  soil  cores  were  collected  along  four  transects 
perpendicular  to  the  western  edge  of  Vesta  Mine,  in  Sec  23,  Tp  40, 

R 16,  W 4 (Figure  22).  Samples  were  collected  to  a depth  of  2 m. 

The  four  transects  were  designed  to  include  two  salt-affected  areas 
(transects  8R94  and  95)  and  two  nonaffected  areas  (transects  BR93  and 
96).  Within  the  salt-affected  areas,  the  transects  included  at  least 
two  sites  within  the  fringe  of  noticeable  salt  accumulation  along  the 
eastern  boundary  of  the  section,  and  at  least  one  site  beyond  the 
salt-affected  fringe,  toward  the  middle  of  the  section.  In  addition 
to  these  transects,  soil  samples  were  collected  from  three  additional 
sites  along  the  north-south  quarter-secti on  line  of  section  23,  sites 
RR97,  98,  and  99  (Figure  22).  Of  the  188  soil  samples  that  were 
collected,  168  samples  were  suitable  for  saturation  extract  analysis. 
The  extracts  were  analysed  for  pH,  electrical  conductance  (EC),  and 
soluble  salts.  Samples  were  collected  at  15  cm  intervals  from 
surface  to  1.5  m depth,  and  at  approximately  30  cm  intervals  from  1.5 
to  2.n  m depth. 
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Figure  22,  Map  showing  location  of  soil  sampling  transects  and 
temporary  piezometer  locations. 
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In  order  to  differentiate  between  salt  accumulation  caused 
by  natural  soil  forming  processes  from  that  produced  by  artificially 
elevated  water-table  conditions,  detailed  soil  descriptions  and 
classification  were  conducted  in  1985  along  each  of  the  four 
transects  shown  in  Figure  22.  The  soils  in  the  study  area  are  quite 
variable.  At  the  south  end  (BR96)  the  soils  are  predominantly 
Solonetzic  and  imperfectly  to  poorly  drained.  The  remainder  of  the 
soils  in  this  quarter  section  (NE14,  Tp  40,  R 16,  W 4)  appear  to  be 
dominantly  Solonetzic  as  well.  At  the  north  end  of  the  study  site 
(BR93)  the  soils  are  predominantly  orthic  and  eluviated  Chernozemic 
with  essentially  no  evidence  of  indigenous  (natural)  salinity.  The 
area  between  these  transects  reflects  a degree  of  variability.  Along 
transect  BR95  the  soils  are  dominantly  orthic  with  no  evidence  of 
salinity.  Along  transect  94  there  is  some  evidence  of  salinity.  The 
area  adjacent  to  the  ditch  along  Highway  855  appears  to  be  just 
slightly  lower  in  elevation  relative  to  the  rest  of  the  field,  and 
more  poorly  drained  and  carbonated  soils  are  present  parallel  to  the 
ditch  in  the  vicinity  of  BR94.  Sites  97,  98,  and  99  indicate  that 
saline  or  Solonetzic  soils  are  not  predominant  and  do  not  represent  a 
major  concern  in  that  portion  of  the  field. 

4.1.1  Soil  Core  Data 

9_ 

Figure  23  shows  the  vertical  profiles  of  EC,  SO4  , and  SAR 
in  soil  cores  along  transect  93.  The  soil  EC  levels  are  generally 
less  than  1 dS/m,  and  show  little  change  with  depth.  The  only 
vertical  trend  along  this  transect  is  a tendency  for  EC  to  decrease 
slightly  with  depth,  as  shown  in  cores  93-1  and  93-3  (Figure  23). 

Sulfate  profiles  along  transect  93  are  variable  both  in  the 
magnitude  of  sulfate  levels,  and  in  the  pattern  of  the  vertical 
distribution  of  sulfate  (Figure  23),  In  core  93-1,  sulfate 
concentrations  are  highest  (approximately  400  mg/L)  at  shallow  depths 
(less  than  0.4  m)  and  decrease  with  greater  depth.  In  core  93-2, 
siilfate  concentrations  are  higher  than  the  other  two  cores  along 
transect  93,  with  values  ranging  from  100  to  500  mg/L.  Although 
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Figure  23. 


Vertical  profiles  of  electrical  conductance,  sulfate,  and 
sodium  adsorption  ratio  in  soil  extracts,  transect  93. 
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there  is  an  overall  tendency  for  sulfate  concentration  to  increase 
with  depth  in  this  core  there  is  a bulge  in  the  vertical  sulfate 
profile  at  0.2  to  0.5  m depth  that  may  be  associated  with  a salt 
accumulation  process,  for  example,  evapotranspiration.  Core  93-2 
also  differs  from  the  other  cores  along  transect  93  in  that  no  sand 
was  encountered  in  the  upper  2 m of  material,  compared  to  1.1  m and 
1.4  m of  sand  in  cores  93-1  and  93-3,  respectively.  Lower  sulfate 
concentrations  in  core  93-3  tend  to  parallel  the  sand  distribution; 
highest  sulfate  levels  (over  100  mg/L)  are  present  in  the  topsoil 
above  the  sand,  and  in  the  till  below  the  sand,  whereas  within  the 
sand  horizon  sulfate  concentrations  are  typically  less  than  30  mg/L. 
This  general  pattern  also  applies  to  the  vertical  sulfate  profile  in 
core  93-1,  although  analysis  of  samples  from  below  the  sand  horizon 
are  not  available. 

SAR  values  along  transect  93  are  in  all  cases  extremely 
low,  with  the  maximum  SAR  approximately  1.0  (Figure  23).  In  general, 
the  SAR  levels  along  this  transect  are  an  order  of  magnitude  lower 
than  those  found  in  other  parts  of  study  area. 

Transect  94  was  located  approximately  900  m south  of 
transect  93,  and  included  an  area  in  which  salt  accumulation  was 
observed  on  the  soil  surface  during  the  spring  of  1984.  Cores  94-1 
and  94-2  were  situated  within  the  area  of  observed  salt  accumulation. 
Cores  94-3  and  94-4  were  located  in  an  area  with  no  visible  salt 
accumulation,  west  of  the  observed  salt  fringe.  Figure  24  shows  the 
vertical  profiles  of  EC,  SO4",  and  SAR  for  transect  94. 

Surprisingly , extracts  of  the  two  cores  from  within  the  salt  fringe 
showed  lower  EC  levels  than  those  in  the  ' nonaffected'  area 
(Figure  24).  EC  values  in  the  Ap  horizon  at  94-1  and  94-2  (visibly 
affected)  were  2 to  4 dS/m,  whereas  cores  94-3  and  94-4  (not  visibly 
affected)  had  Ap  horizon  EC  levels  of  approximately  3 to  8 dS/m.  In 
contrast  to  the  topsoil  salinities,  the  EC  levels  in  the  till  parent 
material  are  highest  in  the  easternmost  core  (94-1),  with  values  of  6 
to  8 dS/m.  Cores  94-2  and  94-3  showed  intermediate  salinity  levels. 
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Figure  24. 
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at  2 to  3 dS/m  and  3 to  4 dS/m,  respectively.  The  till  at  core  94-4 
was  the  least  saline  material  along  the  transect,  at  1 to  2 dS/m. 

The  vertical  distribution  of  sulfate  concentration  along 
transect  94  essentially  parallels  the  EC  di stri buti on.  Highest 
sulfate  concentrations  (3000  to  6000  mg/L)  occurred  at  depths  below 
1.0  m in  core  94-1  and  at  shallow  depths  (less  than  0.6  m)  in  cores 
94-3  and  94-4  (Figure  24).  The  lowest  sulfate  levels  detected  along 
this  transect  were  approximately  200  mg/L. 

SAR  levels  along  transect  94  are  generally  low  to  moderate 
(less  than  8;  Figure  24).  In  three  of  the  four  cores  (94-1  excepted) 
there  was  relatively  little  vertical  variability  in  SAR  values.  In 
core  94-1  very  low  SAR  levels  (less  than  1)  were  found  in  the 
topsoil,  with  high  SAR  values  of  11  to  18  at  depths  greater  than 
0.8  m. 

Coreholes  along  transect  95  were  laid  out  in  an  analogous 

fashion  to  those  along  transect  94.  That  is,  cores  95-1  and  95-2 

were  located  within  the  fringe  of  visible  salt  accumulation,  and 

cores  95-3  and  95-4  were  in  an  area  of  no  visible  salt.  Figure  25 
2- 

shows  the  EC,  SO4  , and  SAR  profiles  for  transect  95.  The  two  cores 
located  within  the  salt  fringe  had  very  different  profile 

o_ 

character! sti cs  (Figure  25).  In  core  95-1,  EC,  SO4  , and  SAR 

profiles  all  showed  a bulge  in  the  range  of  0.5  to  0.9  m (B  and 

C horizons),  with  significantly  lower  levels  in  the  topsoil  (Ap  and 

Ab  horizons).  These  parameters  all  showed  a general  decreasing  trend 

in  the  till  below  0.9  m depth,  suggesting  that  accumulation  of  salts 

is  occurring  in  the  0.5  to  0.9  m zone.  In  core  95-2,  the  overall 
2- 

trend  in  EC,  SO4  , and  SAR  levels  was  increasing  with  depth.  The 

2_ 

values  of  all  parameters  were  low  in  the  upper  0.6  m,  but  SO4",  and 
SAR  increased  sharply  at  greater  depths.  SAR  and  SO4’  levels  were 
high  even  in  the  sand  layer  at  1.5  to  2.0  m depth;  this  pattern  may 
represent  an  upward-moving  salinity  front. 

Cores  95-3  and  95-4  had  vertical  profiles  similar  to  95-1; 
that  is,  most  parameters  showed  a bulge  at  relatively  shallow  depth. 
In  core  95-3,  EC,  and  So|  levels  were  highest  in  the  0.5  to  0.9  m 
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Figure  25. 
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zone,  and  SAR  showed  a local  maximum  also  in  this  zone,  although  SAR 

2- 

values  peaked  at  1.8  m depth.  In  core  95-4  maximum  EC  and  SO4 
levels  occurred  in  the  0.3  to  0.6  m zone.  SAR  values  in  this  core 
were  erratic  but  high,  with  values  of  7 to  11  in  the  A and  B horizons 
(0  to  0.6  m) , and  12  to  24  in  the  lower  part  of  the  B horizon  and 
underlying  till  (0.6  to  2.0  m). 

The  soil  core  profiles  for  transect  96  displayed  a broad 
range  of  characteri sti cs  as  shown  in  Figure  26.  At  the  easternmost 
site  (96-1)  the  salinity  was  low  (less  than  2 dS/m) , sulfate  was 
relatively  low  (less  than  700  mg/L)  and  sodicity  was  moderate  with 
SAR  values  in  the  topsoil  less  than  6,  increasing  to  8 in  the  subsoil 

9_ 

and  10  in  the  till.  EC  and  SO4  levels  were  highest  in  the  topsoil, 

decreasing  with  depth,  whereas  the  maximum  SAR  value  was  at  a depth 

of  0.95  m with  lower  values  at  both  greater  and  shallower  depths.  In 

core  96-2  the  topsoil  salinity  was  relatively  low,  at  less  than 

2 dS/m;  but  the  salinity  increased  with  depth  through  the  subsoil  and 

till  to  levels  of  approximately  7 dS/m  at  a depth  of  1.5  m.  SAR 

values  also  increased  with  depth  in  this  core,  from  less  than  4 in 

the  topsoil  to  over  12  in  the  till  at  1.4  m depth.  Sulfate 

concentrations  increased  sharply  with  depth  in  this  core  to  levels  of 

more  than  6000  mg/L  at  1.4  m.  Core  96-3  is  characterized  by  very 

high  levels  of  all  parameters.  EC  values  in  the  topsoil  and  in  the 

till  below  1.3  m depth  are  approximately  12  dS/m,  the  highest  levels 

detected  in  this  study.  In  the  topsoil  and  till  from  0.2  to  1.2  m 

depths,  EC  values  were  approximately  6 dS/m.  The  vertical 

distribution  of  sulfate  followed  a pattern  identical  to  that  for  EC, 

with  the  topsoil  and  deeper  till  showing  very  high  concentrations  of 

approximately  8000  mg/L,  and  the  shallow  till  and  subsoil  at  somewhat 

lower  concentrations  of  approximately  3000  mg/L.  The  SAR 

distribution  for  this  core  is  essentially  a mirror  image  of  the  EC 
2_ 

and  SO4  profiles.  High  SAR  values  (40  to  42)  correspond  to  the 
subsoil  and  shallow  till,  from  0.3  to  1.0  m;  the  deeper  till  (below 
1.3  m)  is  somewhat  less  sodic,  with  SAR  values  of  30  to  33.  In  this 
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core,  the  lowest  SAR  values  (approximately  18)  are  found  in  the 
topsoil  layer  (A  horizon). 

At  sites  97,  98,  and  99  (through  the  centre  of  section  23) 
natural  soil  conditions  tend  to  be  Solonetzic  in  nature.  At  site  97 
the  soil  is  a Solonetzic  black,  with  salts  observed  at  about  65  cm 
depth.  At  site  98,  the  soil  is  a Solonetzic  black  to  eluviated 
black.  No  salts  were  evident  down  to  110  cm,  however  the  B horizon 
had  a fairly  tough  structure.  The  soils  at  site  99  are  eluviated  to 
orthic  black,  and  show  no  evidence  of  salinity. 

4.1.2  Interpretati on  of  Soil  Core  Data 

As  described  above,  the  soils  at  the  north  end  of  the  study 
area,  along  transect  BR93,  are  predominantly  orthic  and  eluviated 
Chernozemic  with  no  visual  evidence  of  natural  salinity.  The  soil 
core  data  from  this  transect  further  confirm  this  conclusion,  there 
is  no  indication  that  salt  is  accumulating  in  this  part  of  the  study 
area.  This  conclusion  is  consistent  with  the  original  observations 
that  no  salt  was  visible  in  this  part  of  the  field. 

At  sites  94-1  and  94-2  the  soil  is  imperfectly  drained,  and 
along  with  site  94-3  the  soil  is  carbonated  nearly  to  or  to  the 
surface.  Site  94-4  is  the  only  one  of  the  four  along  this  transect 
that  has  visible  salts  or  structure  leaning  to  that  of  Solonetzic  or 
"Sol onetz-1 i ke"  soils.  The  change  in  elevation  between  sites  1 and  4 
of  this  transect  is  about  30  cm.  With  the  exception  of  site  94-4, 
which  is  Solonetzic  in  nature,  the  occurrence  of  carbonates  and  other 
salt  at  sites  94-1,  2,  and  3 appears  to  be  related  to  modern, 
anthropogenic  processes.  The  poorly-drained  conditions,  together 
with  evidence  of  salts  at  or  near  the  surface,  is  consistent  with  the 
observed  elevated  water  table  and  migration  of  spoil  groundwater  from 
Vesta  Mi ne. 

The  soils  along  transect  95  are  predominantly  orthic  blacks 
developed  on  till.  Surface  or  Ap  horizons  are  relatively  thick  and 
depth  to  CaC03  ranges  from  30  to  70  cm.  Nothing  was  observed  along 
this  transect  to  suggest  that  the  soils  are  naturally  affected  by 
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salinity.  Consequently,  the  accumulations  of  salts  in  the  B and 
C horizons  at  sites  95-1,  3,  and  4 appear  to  be  related  to  modern 
events.  Again,  the  occurrence  of  elevated  water-table  conditions 
associated  with  reclaimed  areas  at  Vesta  Mine  is  consistent  with  the 
observed  accumulations  of  salts  along  this  transect. 

Soil  core  analyses  of  samples  from  transect  96  at  the 
southern  edge  of  the  study  area  are  consistent  with  observations  of 
surface  salinity  and  profile  character! sties.  All  the  soils  are 
Solonetzic  and  eluviated  gleysols  that  are  naturally  saline.  There 
is  no  indication  that  there  is  any  secondary  salinity  related  to  the 
elevated  water  table  that  results  from  the  plume  of  spoil  groundwater 
along  this  transect. 

Several  conclusions  can  be  drawn  from  these  profiles. 

First,  there  appears  to  be  no  relationship  between  the  observation  of 
salt  crusts  on  the  soil  surface  and  the  overall  salinity  of  the 
topsoil.  In  both  transects  across  the  observed  salt  fringe,  the 
highest  topsoil  salinities  were  found  in  the  cores  located  where  no 
surface  salt  was  observed.  Second,  the  distribution  of  salts  in  the 
subsurface  is  highly  variable,  even  over  relatively  short  horizontal 
distances  (e.g.,  15  m)  along  one  transect.  The  reason  for  this 
variability  is  uncertain,  particularly  in  the  deeper  (1  to  2 m) 
parent  material,  which  would  be  expected  to  display  some  degree  of 
uniformity.  The  soils  are  naturally  variable,  as  evidenced  by 
transects  94  and  96,  however  at  least  some  of  the  observed  salt 
accumulations  in  the  soil  profiles  along  transects  94  and  95  are 
consistent  with  the  observed  elevated  water-table  conditions  and 
migration  of  spoil  groundwater  from  Vesta  Mine. 

4.2  SOIL  SALINITY  MAPPING 

To  augment  the  soil  sampling  program,  electromagnetic 
induction  (EM)  profiling  of  the  eastern  400  m of  Sec  23,  Tp  40,  R 16, 
W 4 and  the  northeastern  part  of  Sec  14,  Tp  40,  R 16,  W 4 was 
conducted  using  two  instruments,  the  Geonics  EM38  and  the  EM31,  each 
in  vertical  and  horizontal  orientations,  for  a total  of  four  sets  of 
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readings.  Measurements  were  taken  on  a 100  m grid,  extending  from 
Highway  855  (the  eastern  boundary  of  the  above  sections) 
approximately  400  m to  the  west.  Three  of  the  four  sets  of  EM 
readings  were  calibrated  against  soil  salinities  measured  from 
extracts  of  cores  taken  along  the  four  sampling  transects  (93  to  96). 

Each  combination  of  instrument  and  orientation  corresponds 
to  a different  depth  of  penetration.  Consequently,  the  four  maps 
produced  from  this  work  represent  the  apparent  bulk  EC  of  the 
subsurface  materials  over  the  following  approximate  depth  ranges:  0 

to  0.6  m (EM38  horizontal),  0 to  1.2  m (EM38  vertical),  0 to  3 m 
(EM31  horizontal),  and  0 to  6 m (EM31  vertical).  The  soil  core 
samples  used  for  calibration  of  the  EM  instrument  readings  were  from 
0 to  2m.  As  a result,  correlation  of  the  EM38,  which  had  a depth  of 
penetration  of  less  than  2 m is  considered  to  be  excellent.  The  2 m 
cores  provided  a good  approximate  calibration  for  the  EM31  in  a 
horizontal  configuration  (3  m depth  of  penetration)  since  the 
greatest  influence  on  the  instrument  readings  is  from  the  upper  1 to 

2 m.  Because  the  6 m depth  of  penetration  of  the  vertically  oriented 
EM31  far  exceeded  the  2 m depth  range  of  the  soil  core  samples, 
calibration  of  this  set  of  measurements  was  not  possible  and  the 
interpretation  of  EC  is  only  approximate.  The  sequence  of  maps  in 
Figure  27  represents  increasing  thickness  of  material  measured,  from 
60  cm  to  6 m. 

The  EM  data  show  several  areas  where  the  profile  is  saline, 
that  is,  the  conductivity  is  in  excess  of  4 dS/m  (Figure  27).  The 
first  of  these  is  an  irregularly  shaped  area  in  the  SEl/4  of  the 
NEl/4  (LSD  9)  of  section  23  that  is  appreciably  larger  in  the  1.2  and 

3 m readings  than  in  the  0.6  m reading  (Figure  27),  This  area  of 
high  salinity  overlies  the  maximum  thickness  of  the  intertill  sand 
(Figure  9)  and  is  also  the  area  of  highest  salinity  within  the  plume 
in  the  sand  (Figures  16  and  17).  The  increase  in  size  of  this  area 
of  salinity  with  depth  suggests  that  much  of  the  salinity  is 
associated  with  the  brackish  water  in  the  sand  and  does  not  reflect 
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Figure  27.  Map  showing  distribution  of  soil  salinity  as  identified 
by  EM38  and  EM31  mapping,  (a)  0.0  to  0.6  m,  (b)  0.0  to 
1,2  m,  (c)  0.0  to  3.0  m,  and  (d)  0.0  to  6,0  m. 
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soil  salinity.  Whether  the  near-surface  saline  patch  will  increase 
in  size  or  severity  over  time  is  not  known. 

The  second  area  of  salinity  is  along  Highway  855  just  south 
of  site  BR94  in  the  NEl/4  of  the  SEl/4  (LSD  8)  of  section  23 
(Figure  27).  This  area  of  salinity,  which  is  one  of  the  sites  where 
white  saline  crusts  were  observed  on  the  surface  during  1984,  also 
overlies  an  area  of  thick  intertill  sand,  which  appears  to  be 
connected  to  the  spoil  to  the  east  (Figure  9). 

The  third  area  of  salinity  is  located  along  Highway  855  in 
the  SEl/4  of  the  SEl/4  (LSD  1)  of  section  23  between  sites  BR94  and 
95  (Figure  27).  This  site,  which  is  also  a site  where  white  saline 
crusts  were  observed  on  the  surface  during  1984,  is  immediately  west 
of  the  area  in  the  spoil  that  has  the  highest  hydraulic  head,  and, 
therefore,  presumably  produces  a strong  component  of  lateral  flow  out 
of  the  spoil  in  the  intertill  sand  (Figure  11). 

The  fourth  area  of  salinity  is  an  irregular  series  of 
patches  that  borders  Highway  855  and  extends  along  the  entire  eastern 
edge  of  the  MEl/4  of  section  14  (Figure  27).  At  the  1.2,  3.0,  and 
6.0  m depths,  the  area  of  salinity  expands  westward.  This  area  of 
salinity  is  believed  to  reflect  naturally  saline,  thin  till  overlying 
bedrock  rather  than  salinity  induced  by  the  plume  of  spoi 1 -deri ved 
groundwater.  The  total  thickness  of  drift  and  thickness  of  the 
intertill  sand  are  both  at  a minimum  in  this  area  (Figures  3 and  9). 
Salinity  profiles  along  transect  BR96  (Figure  26)  show  high  levels  of 
salinity  that,  as  was  discussed  above,  appear  to  be  of  historical 
rather  than  of  recent  origin. 
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5.  DISCUSSION 

As  shown  in  the  preceding  sections,  chemical  and  isotopic 
composition  of  groundwater  in  both  the  drift  and  the  Battle  River  Bed 
west  of  Vesta  Mine  strongly  suggest  the  presence  of  plumes  of 
brackish  water  migrating  outward  from  mine  spoil  at  Vesta  Mine.  This 
interpretation  is  further  supported  by  calculations  of  flow  rates  in 
the  drift  plume. 

Much  of  the  portion  of  the  Vesta  Mine  indicated  as  the 
source  of  the  spoil  groundwater  plume  was  mined  during  the  period 
from  1965  to  1975  (Figure  28).  Consequently,  the  oldest  portion  of 
the  plume  could  conceivably  be  as  much  as  15  years  old  (given 
approximately  two  to  five  years  for  the  spoil  to  resaturate).  The 
presence  of  numerous  deep  ponds  in  this  area  of  the  mine  combined 
with  the  height  of  the  spoil  terrain  above  the  adjacent  unmined  area 
is  likely  responsible  for  relatively  rapid  resaturation  of  the 
1965-75  spoil,  as  well  as  for  relatively  high  hydraulic  heads  in  the 
reclaimed  landscape.  This  could  account  for  the  rapid  initial 
flushing  of  the  spoil  that  gave  rise  to  the  very  high  salinity  plume 
that  presently  occupies  the  drift  adjacent  to  Slough  Creek. 

In  order  for  the  i nterpretati on  that  the  low  quality  water 
is  a plume  of  spoil  water  to  be  realistic,  it  should  be  shown  that  it 
is  feasible  for  groundwater  to  move  from  the  Vesta  Mine  spoil  to  the 
present  location  of  the  centroid  of  the  plume  near  Slough  Creek  in 
the  period  of  time  since  mining  occurred. 

If  the  centroid  of  the  plume  corresponds  approximately  to 
an  area  near  site  BR87,  then  the  plume  has  migrated  a distance  of 
approximately  1200  m.  The  horizontal  hydraulic  gradient  (i)  between 
site  BR80  in  the  spoil  at  Vesta  Mine  and  site  BR87  is  approximately 
0.004.  The  mean  hydraulic  conductivity  (K)  of  the  sheet  sand,  based 
on  single-well  response  tests  of  four  piezometers,  is  3.5  x 10"^  m/s. 
Given  these  conditions,  and  assuming  an  effective  porosity  (n)  of  the 
sand  of  0.10,  then,  according  to  Darcy's  Law,  which  can  be  expressed 
as  V = Ki/n,  the  calculated  velocity  (v)  of  the  groundwater  in  the 
plume  is  4.4  m/a.  At  this  velocity,  it  would  take  the  plume 
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Figure  28.  Mining  progress  at  Vesta  Mine,  1960  to  1980 


57 


271  years  to  travel  the  observed  distance  (1200  m).  However,  if  the 
velocity  is  calculated  using  the  maximum  K value  from  the  four 
single-well  response  tests  (K^iax  = 3.5  x 10"^  m/s)  the  calculated 
velocity  is  44.2  m/a,  and  the  plume  would  migrate  the  observed 
distance  in  approximately  27  years.  Although  this  is  approximately 
twice  the  actual  time  available  for  migration,  if  movement  is  taking 
place  preferenti al ly  within  the  most  permeable  zones  of  the  sheet- 
like sand,  it  is  possible  that  the  observed  migration  could  have 
taken  place  in  approximately  10  to  15  years.  In  addition,  if 
resaturation  of  the  spoil  at  Vesta  Mine  occurred  over  a relatively 
short  period  of  time  (i.e.,  a few  years),  then  the  initial  hydraulic 
gradient  between  the  spoil  and  the  unmined  drift  might  have  been 
significantly  higher  than  the  present  day,  presumably  steady-state, 
gradient.  This  mechanism  also  might  be  at  least  partly  responsible 
for  the  difference  between  the  observed  and  calculated  groundwater 
vel oci ty. 

One  of  the  obvious  implications  of  the  presence  of  plumes 
of  water  with  degraded  chemical  quality  in  aquifers  adjacent  to  mined 
areas  is  deteri orati on  of  water  supply  potential.  In  the  area  west 
of  Vesta  Mine  such  loss  of  groundwater  resource  is  not  a significant 
factor  because  of  the  thinness  and  shallowness  of  the  drift  sand, 
which  render  its  water  supply  potential  low.  In  addition,  there  are 
no  wells  in  the  area  of  the  plume  in  the  Battle  River  Bed.  In  other 
places,  such  plumes  might  have  a significant  negative  effect  on  a 
local  scale. 

A less  obvious,  but  potentially  more  significant 
consequence  of  the  presence  of  plumes  of  degraded  water  in  unmined 
aquifers  adjacent  to  reclaimed  areas,  is  soil  salinization.  Two 
areas  are  potential  sites  for  such  salt  accumulation.  The  first  is 
immediately  adjacent  to  the  mine  where  the  water  table  is  close  to 
the  surface  (Figure  29).  The  second  is  where  the  permeable  bed  crops 
out  and  the  plume  groundwater  is  discharged  to  the  surface 
(Figure  29). 
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Figure  ?9.  Hypothetical  cross  section  showing  potential  zones  of 
soil  salinization. 
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The  mechanism  of  salinization  in  the  area  adjacent  to  Vesta 
Mine  appears  to  be  the  upward  capillary  transport  of  salt  and  water 
from  the  shallow  water  table  accompanied  by  evaporation  of  the  water. 
The  salt  in  the  groundwater  of  the  plume  itself  may  be  less  important 
than  salts  dissolved  from  the  subsoil  by  upward  migrating  water. 
Surface  salinity  and  vegetation  stress  indicative  of  incipient 
salinization  has  been  observed  in  the  field  immediately  west  of  Vesta 
Mine.  Furthermore,  the  apparently  recent  buildup  of  salts  in  the 
naturally  nonsaline  orthic  black  soils  west  of  Vesta  Mine  may  be  due 
to  shallow  water-table  conditions  produced  by  the  high  water  table  in 
reclaimed  lands  at  Vesta  Mine.  The  depth  to  water  table  in  most  of 
the  study  area  is  generally  between  1.5  and  2.0  m,  as  shown  in 
Figure  30,  however  the  water  table  is  less  than  1 m deep  in  the  area 
immediately  west  of  Vesta  Mine  where  salt  accumulations  have  been 
observed. 

The  second  type  of  salinity  does  not  appear  to  be  a problem 
west  of  Vesta  Mine  because  of  the  stratigraphy  of  the  site.  Rather 
than  discharging  to  the  surface  as  is  required  to  produce 
salinization,  the  salty  water  of  the  plume  enters  a thick,  permeable 
fill  of  sand  that  lies  beneath  Slough  Creek  (Figures  5,  6,  and  8)  and 
is  transmitted  as  groundwater  to  the  southeast.  Where  the 
stratigraphy  of  a site  is  less  favourable,  as  is  shown  in  the 
hypothetical  cross  section  of  Figure  29,  the  salty  water  of  the  plume 
could  be  discharged  at  the  surface  to  generate  saline  seeps. 
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Figure  30.  Map  showing  the  depth  to  water  table  in  the  study  area 
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6 . CONCLUSIONS 

Spoil  groundwater  from  Vesta  Mine  is  migrating  to  the  west 
and  southwest  into  unmined  drift  and  coal  aquifers.  In  the  Battle 
River  Bed  adjacent  to  Vesta  Mine,  spoi 1 -deri ved  groundwater  has  been 
detected  at  two  sites,  indicating  that  a plume  is  migrating  to  the 
southwest  from  the  mine.  The  direction  of  migration  is  controlled  by 
the  anisotropy  of  horizontal  hydraulic  conductivity  associated  with 
the  orientation  of  fractures  in  the  coal  seam.  The  southwesterly 
direction  of  migration  for  the  plume  is  opposite  to  the  natural 
(premining)  flow  direction  in  the  coal,  but  is  related  to  the  cone  of 
depression  around  the  mine  pit.  In  the  drift  west  of  Vesta  Mine  a 
plume  of  high  salinity  sodium-calcium-sulfate  water  has  migrated 
through  a permeable  sheet-like  sand  body  as  far  as  1.7  km,  to  a 
discharge  area  along  Slough  Creek.  The  TOS  concentrations  in  this 
plume  are  as  high  as  14  000  to  15  000  mg/L,  representing  an  initial 
flushing  of  saline  groundwater  from  the  spoil.  The  velocity  of 
groundwater  required  to  accommodate  this  rate  of  migration  indicates 
that  flow  is  occurring  mainly  through  high  permeability  lenses  within 
the  sand  body.  Salinity  levels  as  high  as  6 to  8 dS/m  in  soils  that 
are  naturally  nonsaline  appear  to  be  related  to  the  elevated 
water-table  conditions  associated  with  the  migration  of  spoil 
groundwater  from  Vesta  Mine. 

In  both  cases,  high  hydraulic  heads  in  the  spoil  at  Vesta 
Mine  are  related  to  topographically  elevated  areas  in  the  reclaimed 
landscape,  and  in  the  case  of  the  Battle  River  Bed  plume,  to  high 
heads  at  the  base  of  the  spoil  associated  with  deep  ponds  in  the 
reclaimed  setting. 

In  general,  then,  the  potential  for  migration  of  spoil 
groundwater  into  unmined  aquifers  exists  wherever  hydraulic  head  in 
the  spoil  is  greater  than  in  the  surrounding  area.  Migration  of 
spoil  groundwater  into  bedrock  aquifers  is  most  likely  to  occur  where 
the  reclaimed  landscape  includes  deep  ponds  that  recharge  the  base  of 
the  spoil  and  result  in  relatively  high  hydraulic  head  at  depth.  The 
potential  for  spoil  groundwater  migration  into  shallow  surficial 
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aquifers  will  be  greatest  in  settings  where  the  elevation  of  the 
reclaimed  landscape  is  significantly  higher  than  the  surrounding 
area,  particularly  if  there  are  ponds  located  in  topographically  high 
areas  of  the  reclaimed  spoil. 

The  direction  of  spoi 1 -groundwater  migration  is  influenced 
not  only  by  the  distribution  of  hydraulic  head,  but  also  by  the 
horizontal  anisotropy  of  hydraulic  conductivity.  In  coal  aquifers 
such  anisotropy,  which  is  related  to  fracture  orientation,  is 
probably  the  hydraulic  parameter  controlling  the  direction  of  plume 
migration.  The  rate  of  plume  movement  appears  to  be  controlled, 
particularly  in  unconsolidated  sand  aquifers,  by  zones  or  lenses  of 
higher  than  average  permeability. 


63 


7.  REFERENCES 

Brown,  R.M.  1970.  Distribution  of  hydrogen  isotope  in  Canadian 
waters.  Isotope  Hydrology  1970.  Proceedings  of  a 
Symposium.  International  Atomic  Energy  Agency. 

March  9-13,  1970;  Vienna,  Austria,  pp.  3-22. 

Egboka,  B.C.E.,  J.A.  Cherry,  R.N.  Farvolden,  and  E.O.  Frind.  1983. 

Migration  of  contaminants  in  groundwater  at  a landfill:  a 

case  study,  3.  Tritium  as  an  indicator  of  dispersion  and 
recharge.  Journal  of  Hydrology  63(1/2).  pp.  51-80. 

Freeze,  A.  and  J.A.  Cherry.  1979.  Groundwater.  Englewood  Cliffs, 
N.J.:  Prentice-Hall  Inc.  604pp. 

Maslowski  Schutze,  A.,  R.  Li,  M.M.  Fenton,  and  S.R.  Moran.  1986. 

Geology  of  the  Battle  River  study  site:  Plains  Hydrology 

and  Reclamation  Project.  Alberta  Land  Conservation  and 
Reclamation  Council  Report  #RRTAC  86-4.  70  pp. 

Trudell,  M.R.,  R.L.  Faught,  and  S.R.  Moran.  1988.  Chemistry  of 

groundwater  in  mine  spoil.  Central  Alberta.  In:  Trudell, 
M.R.  (compiler).  1988.  Plains  Hydrology  and  Reclamation 
Project:  spoil  groundwater  chemistry  and  its  impacts  on 
surface  water.  Alberta  Land  Conservation  and  Reclamation 
Council  Report  #RRTAC  88-2.  135  pp. 

Trudell,  M.R.,  R.L.  Faught,  and  S.R.  Moran.  1987.  Hydrogeology  and 
groundwater  chemistry  of  the  Battle  River  mining  area. 
Alberta  Land  Conservation  and  Reclamation  Council  Report 
#RRTAC  87-9.  97  pp. 

Vogwill,  R.I.J.  1976.  Hydrogeological  investigations  of  a coal  seam 
near  Halkirk,  Alberta.  Alberta  Research  Council  Report. 


64 


65 


RECLAMATION  RESEARCH  REPORTS 

1.  RRTAC  79-2:  Proceedings:  Workshop  on  Native  Shrubs  in  Reclamation.  P.F.  Ziemkiewicz, 

CA.  Dermott  and  H.P.  Sims  (Editors).  104  pp.  No  longer  available. 

The  Workshop  was  organized  as  the  first  step  in  developing  a Native  Shrub  reclamation  research 
program.  The  Workshop  provided  a forum  for  the  exchange  of  information  and  experiences  on  three 
topics:  propagation;  outplanting;  and,  species  selection.  Seven  papers  and  the  results  of  three 
discussion  groups  are  presented. 

2.  RRTAC  80-1:  Test  Plot  Establishment:  Native  Grasses  for  Reclamation.  R.S.  Sadasivaiah  and 

J.  Weijer.  19  pp.  No  longer  available. 

The  report  details  the  species  used  at  three  test  plots  in  Alberta’s  Eastern  Slopes  (one  at  Caw  Creek 
Ridge  and  two  at  Cadomin).  Site  preparation,  experimental  design,  and  planting  method  are  also 
described. 

3.  RRTAC  80-3:  The  Role  of  Organic  Compounds  in  Salinization  of  Plains  Coal  Mining  Sites. 

N.S.C.  Cameron  et  al.  46  pp.  $10.00 

This  is  a literature  review  of  the  chemistry  of  sodic  mine  spoil  and  the  changes  expected  to  occur  in 
groundwater. 

4.  RRTAC  80-4:  Proceedings:  Workshop  on  Reconstruction  of  Forest  Soils  in  Reclamation. 

P.F.  Ziemkiewicz,  S.K.  Takyi  and  H.F.  Regier  (Editors).  160  pp.  $10.00 

Experts  in  the  field  of  forestry  and  forest  soils  report  on  research  relevant  to  forest  soil  reconstruction 
and  discuss  the  most  effective  means  of  restoring  forestry  capability  of  mined  lands. 

5.  RRTAC  80-5:  Manual  of  Plant  Species  Suitability  for  Reclamation  in  Alberta.  L.E.  Watson, 

R.W.  Parker  and  D.F.  Polster.  2 vols,  541  pp.  No  longer  available;  replaced  by 
RRTAC  89-4. 

Forty-three  grass,  fourteen  forb,  and  thirty-four  shrub  and  tree  species  are  assessed  in  terms  of  their 
suitability  for  use  in  reclamation.  Range  maps,  growth  habit,  propagation,  tolerance,  and  availability 
information  are  provided. 

6.  RRTAC  81-2:  1980  Survey  of  Reclamation  Activities  in  Alberta.  D.G.  Walker  and  R.L.  Rothwell. 

76  pp.  $10.00 

This  survey  is  an  update  of  a report  prepared  in  1976  on  reclamation  activities  in  Alberta,  and  includes 
research  and  operational  reclamation,  locations,  personnel,  etc. 

7.  RRTAC  81-3:  Proceedings:  Workshop  on  Coal  Ash  and  Reclamation.  P.F.  Ziemkiewicz, 

R.  Stein,  R.  Leitch  and  G.  Lutwick  (Editors).  253  pp.  $10.00 

Presents  nine  technical  papers  on  the  chemical,  physical,  and  engineering  properties  of  Alberta  fly  and 
bottom  ashes,  revegetation  of  ash  disposal  sites,  and  use  of  ash  as  a soil  amendment.  Workshop 
discussions  and  summaries  are  also  included. 
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8.  RRTAC  82-1:  Land  Surface  Reclamation:  An  International  Bibliography.  H.P.  Sims  and 

C.B.  Powter.  2 vols,  292  pp.  $10.00 

Literature  to  1980  pertinent  to  reclamation  in  Alberta  is  listed  in  Vol.  1 and  is  also  on  the  University  of 
Alberta  computing  system  (in  a SPIRES  database  called  RECLAIM).  Vol.  2 comprises  the  keyword 
index  and  computer  access  manual. 

9.  RRTAC  82-2:  A Bibliography  of  Baseline  Studies  in  Alberta:  Soils,  Geology,  Hydrology  and 

Groundwater.  C.B.  Powter  and  H.P.  Sims.  97  pp.  $5.00 

This  bibliography  provides  baseline  information  for  persons  involved  in  reclamation  research  or  in  the 
preparation  of  environmental  impact  assessments.  Materials,  up  to  date  as  of  December  1981,  are 
available  in  the  Alberta  Environment  Library. 

10.  RRTAC  83-1:  Soil  Reconstruction  Design  for  Reclamation  of  Oil  Sand  Tailings.  Monenco 

Consultants  Ltd.  185  pp.  No  longer  available 

Volumes  of  peat  and  clay  required  to  amend  oil  sand  tailings  were  estimated  based  on  existing 
literature.  Separate  soil  prescriptions  were  made  for  spruce,  jack  pine,  and  herbaceous  cover  types. 
The  estimates  form  the  basis  of  field  trials. 

11.  RRTAC  83-3:  Evaluation  of  Pipeline  Reclamation  Practices  on  Agricultural  Lands  in  Alberta. 

Hardy  Associates  (1978)  Ltd.  205  pp.  No  longer  available. 

Available  information  on  pipeline  reclamation  practices  was  reviewed.  A field  survey  was  then 
condueted  to  determine  the  effects  of  pipe  size,  age,  soil  type,  construction  method,  etc.  on  resulting 
crop  production. 

12.  RRTAC  83-4:  Proceedings:  Effects  of  Coal  Mining  on  Eastern  Slopes  Hydrology. 

P.F.  Ziemkiewicz  (Editor).  123  pp.  $10.00 

Technical  papers  are  presented  dealing  with  the  impacts  of  mining  on  mountain  watersheds,  their  flow 
characteristics,  and  resulting  water  quality.  Mitigative  measures  and  priorities  were  also  discussed. 

13.  RRTAC  83-5:  Woody  Plant  Establishment  and  Management  for  Oil  Sands  Mine  Reclamation. 

Techman  Engineering  Ltd.  124  pp.  No  longer  available. 

This  is  a review  and  analysis  of  information  on  planting  stock  quality,  rearing  techniques,  site 
preparation,  planting,  and  procedures  necessary  to  ensure  survival  of  trees  and  shrubs  in  oil  sand 
reclamation. 

14.  RRTAC  84-1:  Land  Surface  Reclamation:  A Review  of  the  International  Literature.  H.P.  Sims, 

C.B.  Powter  and  J.A.  Campbell.  2 vols,  1549  pp.  $20.00 

Nearly  all  topics  of  interest  to  reclamationists  ineluding  mining  methods,  soil  amendments, 
revegetation,  propagation  and  toxic  materials  are  reviewed  in  light  of  the  international  literature. 

15.  RRTAC  84-2:  Propagation  Study:  Use  of  Trees  and  Shrubs  for  Oil  Sand  Reclamation. 

Techman  Engineering  Ltd.  58  pp.  $10.00 

This  report  evaluates  and  summarizes  all  available  published  and  unpublished  information  on 
large-scale  propagation  methods  for  shrubs  and  trees  to  be  used  in  oil  sand  reclamation. 
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16.  RRTAC  84-3:  Reclamation  Research  Annual  Report  - 1983.  P.F.  Ziemkiewicz.  42  pp.  $5.00 

This  report  details  the  Reclamation  Research  Program  indicating  priorities,  descriptions  of  each 
research  project,  researchers,  results,  and  expenditures. 

17.  RRTAC  84-4:  Soil  Microbiology  in  Land  Reclamation.  D.  Parkinson,  R.M.  Danielson, 

C.  Griffiths,  S.  Visser  and  J.C.  Zak.  2 vols,  676  pp.  $10.00 

This  is  a collection  of  five  reports  dealing  with  re-establishment  of  fungal  decomposers  and  mycorrhizal 
symbionts  in  various  amended  spoil  types. 

18.  RRTAC  85-1:  Proceedings:  Revegetation  Methods  for  Alberta’s  Mountains  and  Foothills. 

P.F.  Ziemkiewicz  (Editor).  416  pp.  $10.00 

Results  of  long-term  experiments  and  field  experience  on  species  selection,  fertilization,  reforestation, 
topsoiling,  shrub  propagation  and  establishment  are  presented. 

19.  RRTAC  85-2:  Reclamation  Research  Annual  Report  - 1984.  P.F.  Ziemkiewicz.  29  pp.  $5.00 

This  report  details  the  Reclamation  Research  Program  indicating  priorities,  descriptions  of  each 
research  project,  researchers,  results,  and  expenditures. 

20.  RRTAC  86-1:  A Critical  Analysis  of  Settling  Pond  Design  and  Alternative  Technologies. 

A.  Somani.  372  pp.  $10.00 

The  report  examines  the  critical  issue  of  settling  pond  design,  and  sizing  and  alternative  technologies. 
The  study  was  co-funded  with  The  Coal  Association  of  Canada. 

21.  RRTAC  86-2:  Characterization  and  Variability  of  Soil  Reconstructed  after  Surface  Mining  in 

Central  Alberta.  T.M.  Macyk.  146  pp.  No  longer  available. 

Reconstructed  soils  representing  different  materials  handling  and  replacement  techniques  were 
characterized,  and  variability  in  chemical  and  physical  properties  was  assessed.  The  data  obtained 
indicate  that  reconstructed  soil  properties  are  determined  largely  by  parent  material  characteristics 
and  further  tempered  by  materials  handling  procedures.  Mining  tends  to  create  a relatively 
homogeneous  soil  landscape  in  contrast  to  the  mixture  of  diverse  soils  found  before  mining. 

22.  RRTAC  86-3:  Generalized  Procedures  for  Assessing  Post-Mining  Groundwater  Supply 

Potential  in  the  Plains  of  Alberta  - Plains  Hydrology  and  Reclamation  Project. 
M.R.  Trudell  and  S.R.  Moran.  30  pp.  $5.00 

In  the  Plains  region  of  Alberta,  the  surface  mining  of  coal  generally  occurs  in  rural,  agricultural  areas  in 
which  domestic  water  supply  requirements  are  met  almost  entirely  by  groundwater.  Consequently,  an 
important  aspect  of  the  capability  of  reclaimed  lands  to  satisfy  the  needs  of  a residential  component  is 
the  post-mining  availability  of  groundwater.  This  report  proposes  a sequence  of  steps  or  procedures  to 
identify  and  characterize  potential  post-mining  aquifers. 

23.  RRTAC  86-4:  Geology  of  the  Battle  River  Site:  Plains  Hydrology  and  Reclamation  Project. 

A.  Maslowski-Schutze,  R.  Li,  M.  Fenton  and  S.R.  Moran.  86  pp.  $10.00 

This  report  summarizes  the  geological  setting  of  the  Battle  River  study  site.  It  is  designed  to  provide  a 
general  understanding  of  geological  conditions  adequate  to  establish  a framework  for  hydrogeological 
and  general  reclamation  studies.  The  report  is  not  intended  to  be  a detailed  synthesis  such  as  would  be 
required  for  mine  planning  purposes. 
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24.  RRTAC  86-5:  Chemical  and  Mineralogical  Properties  of  Overburden:  Plains  Hydrology  and 

Reclamation  Project.  A.  Maslowski-Schutze.  71  pp.  $10.00 

This  report  describes  the  physical  and  mineralogical  properties  of  overburden  materials  in  an  effort  to 
identify  individual  beds  within  the  bedrock  overburden  that  might  be  significantly  different  in  terms  of 
reclamation  potential. 

25.  RRTAC  86-6:  Post-Mining  Groundwater  Supply  at  the  Battle  River  Site:  Plains  Hydrology  and 

Reclamation  Project.  M.R.  Trudell,  G J.  Sterenberg  and  S.R.  Moran.  49  pp. 

$5.00 

The  report  deals  with  the  availability  of  water  supply  in  or  beneath  cast  overburden  to  support 
post-mining  land  use,  including  both  quantity  and  quality  considerations.  The  study  area  is  in  the  Battle 
River  Mining  area  in  east-central  Alberta. 

26.  RRTAC  86-7:  Post-Mining  Groundwater  Supply  at  the  Highvale  Site:  Plains  Hydrology  and 

Reclamation  Project,  M.R.  Trudell.  25  pp.  $5.00 

This  report  evaluates  the  availability  of  water  supply  in  or  beneath  cast  overburden  to  support 
post-mining  land  use,  including  both  quantity  and  quality  considerations.  The  study  area  is  the 
Highvale  mining  area  in  west-central  Alberta. 

27.  RRTAC  86-8:  Reclamation  Research  Annual  Report  - 1985.  P.F.  Ziemkiewicz.  54  pp.  $5.00 

This  report  details  the  Reclamation  Research  Program  indicating  priorities,  descriptions  of  each 
research  project,  researchers,  results,  and  expenditures. 

28.  RRTAC  86-9:  Wildlife  Habitat  Requirements  and  Reclamation  Techniques  for  the  Mountains 

and  Foothills  of  Alberta.  J.E.  Green,  R.E.  Salter  and  D.G.  Walker.  285  pp.  No 
longer  available. 

This  report  presents  a review  of  relevant  North  American  literature  on  wildlife  habitats  in  mountain 
and  foothills  biomes,  reclamation  techniques,  potential  problems  in  wildlife  habitat  reclamation,  and 
potential  habitat  assessment  methodologies.  Four  biomes  (Alpine,  Subalpine,  Montane,  and  Boreal 
Uplands)  and  10  key  wildlife  species  (snowshoe  hare,  beaver,  muskrat,  elk,  moose,  caribou,  mountain 
goat,  bighorn  sheep,  spruce  grouse,  and  white-tailed  ptarmigan)  are  discussed.  The  study  was 
co-funded  with  The  Coal  Association  of  Canada. 

29.  RRTAC  87-1:  Disposal  of  Drilling  Wastes.  LA.  Leskiw,  E.  Reinl-Dwyer,  T.L.  Dabrowski, 

B J.  Rutherford  and  H.  Hamilton.  210  pp.  No  longer  available. 

Current  drilling  waste  disposal  practices  are  reviewed  and  criteria  in  Alberta  guidelines  are  assessed. 
The  report  also  identifies  research  needs  and  indicates  mitigation  measures.  A manual  provides  a 
decision-making  flowchart  to  assist  in  selecting  methods  of  environmentally  safe  waste  disposal. 

30.  RRTAC  87-2:  Minesoil  and  Landscape  Reclamation  of  the  Coal  Mines  in  Alberta’s  Mountains 

and  Foothills.  A.W.  Fedkenheuer,  LJ.  Knapik  and  D.G.  Walker.  174  pp.  $10.00 

This  report  reviews  current  reclamation  practices  with  regard  to  site  and  soil  reconstruction  and 
re-establishment  of  biological  productivity.  It  also  identifies  research  needs  in  the  Mountain-Foothills 
area.  The  study  was  co-funded  with  The  Coal  Association  of  Canada. 

31.  RRTAC  87-3:  Gel  and  Saline  Drilling  Wastes  in  Alberta:  Workshop  Proceedings.  D.A.  Lloyd 

(Compiler).  218  pp.  No  longer  available. 

Technical  papers  were  presented  which  describe:  mud  systems  used  and  their  purpose;  industrial 
constraints;  government  regulations,  procedures  and  concerns;  environmental  considerations  in  waste 
disposal;  and  toxic  constituents  of  drilling  wastes.  Answers  to  a questionnaire  distributed  to 
participants  are  included  in  an  appendix. 
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32.  RRTAC  87-4:  Reclamation  Research  Annual  Report  - 1986.  50  pp.  $5.00 

This  report  details  the  Reclamation  Research  Program  indicating  priorities,  descriptions  of  each 
research  project,  researchers,  results,  and  expenditures. 

33.  RRTAC  87-5:  Review  of  the  Scientific  Basis  of  Water  Quality  Criteria  for  the  East  Slope 

Foothills  of  Alberta.  Beak  Associates  Consulting  Ltd.  46  pp.  $10.00 

The  report  reviews  existing  Alberta  guidelines  to  assess  the  quality  of  water  drained  from  coal  mine 
sites  in  the  East  Slope  Foothills  of  Alberta.  World  literature  was  reviewed  within  the  context  of  the 
East  Slopes  environment  and  current  mining  operations.  The  ability  of  coal  mine  operators  to  meet  the 
various  guidelines  is  discussed.  The  study  was  co-funded  with  The  Coal  Association  of  Canada. 

34.  RRTAC  87-6:  Assessing  Design  Flows  and  Sediment  Discharge  on  the  Eastern  Slopes. 

Hydrocon  Engineering  (Continental)  Ltd.  and  Monenco  Consultants  Ltd.  97  pp. 

$10.00 

The  report  provides  an  evaluation  of  current  methodologies  used  to  determine  sediment  yields  due  to 
rainfall  events  in  well-defined  areas.  Models  are  available  in  Alberta  to  evaluate  water  and  sediment 
discharge  in  a post-mining  situation.  SEDIMOT II  (Sedimentology  Disturbed  Modelling  Techniques) 
is  a single  storm  model  that  was  developed  specifically  for  the  design  of  sediment  control  structures  in 
watersheds  disturbed  by  surface  mining  and  is  well  suited  to  Alberta  conditions.  The  study  was 
co-funded  with  The  Coal  Association  of  Canada. 

35.  RRTAC  87-7:  The  Use  of  Bottom  Ash  as  an  Amendment  to  Sodic  Spoil.  S.  Fullerton.  83  pp. 

No  longer  available. 

The  report  details  the  use  of  bottom  ash  as  an  amendment  to  sodic  coal  mine  spoil.  Several  rates  and 
methods  of  application  of  bottom  ash  to  sodic  spoil  were  tested  to  determine  which  was  the  best  at 
reducing  the  effects  of  excess  sodium  and  promoting  crop  growth.  Field  trials  were  set  up  near  the 
Vesta  mine  in  East  Central  Alberta  using  ash  readily  available  from  a nearby  coal-fired  thermal 
generating  station.  The  research  indicated  that  bottom  ash  incorporated  to  a depth  of  30  cm  using  a 
subsoiler  provided  the  best  results. 

36.  RRTAC  87-8:  Waste  Dump  Design  for  Erosion  Control.  R.G.  Chopiuk  and  S.E.  Thornton. 

45  pp.  $5.00 

This  report  describes  a study  to  evaluate  the  potential  influence  of  erosion  from  reclaimed  waste 
dumps  on  downslope  environments  such  as  streams  and  rivers.  Sites  were  selected  from  coal  mines  in 
Alberta’s  mountains  and  foothills,  and  included  resloped  dumps  of  different  configurations  and  ages, 
and  having  different  vegetation  covers.  The  study  concluded  that  the  average  annual  amount  of  surface 
erosion  is  minimal.  As  expected,  erosion  was  greatest  on  slopes  which  were  newly  regraded.  Slopes 
with  dense  grass  cover  showed  no  signs  of  erosion.  Generally,  the  amount  of  erosion  decreased  with 
time,  as  a result  of  initial  loss  of  fine  particles,  the  formation  of  a weathered  surface,  and  increased 
vegetative  cover. 

37.  RRTAC  87-9:  Hydrogeology  and  Groundwater  Chemistry  of  the  Battle  River  Mining  Area. 

M.R.  Trudell,  R.L.  Faught  and  S.R.  Moran.  97  pp.  No  longer  available. 

This  report  describes  the  premining  geologic  conditions  in  the  Battle  River  coal  mining  area  including 
the  geology  as  well  as  the  groundwater  flow  patterns,  and  the  groundwater  quality  of  a sequence  of 
several  water-bearing  formations  extending  from  the  surface  to  a depth  of  about  100  metres. 
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38.  RRTAC  87-10:  Soil  Survey  of  the  Plains  Hydrology  and  Reclamation  Project  - Battle  River 

Project  Area.  T.M.  Macyk  and  A.H.  MacLean.  62  pp.  plus  8 maps.  $10.00 

The  report  evaluates  the  capability  of  post-mining  landscapes  and  assesses  the  changes  in  capability  as 
a result  of  mining,  in  the  Battle  River  mining  area.  Detailed  soils  information  is  provided  in  the  report 
for  lands  adjacent  to  areas  already  mined  as  well  as  for  lands  that  are  destined  to  be  mined. 
Characterization  of  the  reconstructed  soils  in  the  reclaimed  areas  is  also  provided.  Data  were 
collected  from  1979  to  1985.  Eight  maps  supplement  the  report. 

39.  RRTAC  87-11:  Geology  of  the  Highvale  Study  Site:  Plains  Hydrology  and  Reclamation  Project. 

A.  Maslowski-Schutze.  78  pp.  $10.00 

The  report  is  one  of  a series  that  describes  the  geology,  soils  and  groundwater  conditions  at  the 
Highvale  Coal  Mine  study  site.  The  purpose  of  the  study  wjus  to  establish  a summary  of  site  geology  to 
a level  of  detail  necessary  to  provide  a framework  for  studies  of  hydrogeology  and  reclamation. 

40.  RRTAC  87-12:  Premining  Groundwater  Conditions  at  the  Highvale  Site.  M.R.  Trudell  and 

R.  Faught.  83  pp.  $10.00 

This  report  presents  a detailed  discussion  of  the  premining  flow  patterns,  hydraulic  properties,  and 
isotopic  and  hydrochemical  characteristics  of  five  layers  within  the  Paskapoo  Geological  Formation, 
the  underlying  sandstone  beds  of  the  Upper  Horseshoe  Canyon  Formation,  and  the  surficial  glacial 
drift. 

41.  RRTAC  87-13:  An  Agricultural  Capability  Rating  System  for  Reconstructed  Soils.  T.M.  Macyk. 

27  pp.  $5.00 

This  report  provides  the  rationale  and  a system  for  assessing  the  agricultural  capability  of 
reconstructed  soils.  Data  on  the  properties  of  the  soils  used  in  this  report  are  provided  in  RRTAC 
86-2. 

42.  RRTAC  88-1:  A Proposed  Evaluation  System  for  Wildlife  Habitat  Reclamation  in  the 

Mountains  and  Foothills  Biomes  of  Alberta:  Proposed  Methodology  and 
Assessment  Handbook.  T.R.  Eccles,  R.E.  Salter  and  J.E.  Green.  101  pp.  plus 
appendix.  $10.00 

The  report  focuses  on  the  development  of  guidelines  and  procedures  for  the  assessment  of  reclaimed 
wildlife  habitat  in  the  Mountains  and  Foothills  regions  of  Alberta.  The  technical  section  provides 
background  documentation  including  a discussion  of  reclamation  planning,  a listing  of  reclamation 
habitats  and  associated  key  wildlife  species,  conditions  required  for  development,  recommended 
revegetation  species,  suitable  reclamation  techniques,  a description  of  the  recommended  assessment 
techniques  and  a glossary  of  basic  terminology.  The  assessment  handbook  section  contains  basic 
information  necessary  for  evaluating  wildlife  habitat  reclamation,  including  assessment  scoresheets  for 
15  different  reclamation  habitats,  standard  methodologies  for  measuring  habitat  variables  used  as 
assessment  criteria,  and  minimum  requirements  for  certification.  This  handbook  is  intended  as  a field 
manual  that  could  potentially  be  used  by  site  operators  and  reclamation  officers.  The  study  was 
co-funded  with  The  Coal  Association  of  Canada. 

43.  RRTAC  88-2:  Plains  Hydrology  and  Reclamation  Project:  Spoil  Groundwater  Chemistry  and 

its  Impacts  on  Surface  Water.  M.R.  Trudell  (Compiler).  135  pp.  $10.00 

Two  reports  comprise  this  volume.  The  first  "Chemistry  of  Groundwater  in  Mine  Spoil,  Central 
Alberta,"  describes  the  chemical  make-up  of  spoil  groundwater  at  four  mines  in  the  Plains  of  Alberta. 

It  explains  the  nature  and  magnitude  of  changes  in  groundwater  chemistry  following  mining  and 
reclamation.  The  second  report,  "Impacts  of  Surface  Mining  on  Chemical  Quality  of  Streams  in  the 
Battle  River  Mining  Area,"  describes  the  chemical  quality  of  water  in  streams  in  the  Battle  River 
mining  area,  and  the  potential  impact  of  groundwater  discharge  from  surface  mines  on  these  streams. 
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44.  RRTAC  88-3:  Revegetation  of  Oil  Sands  Tailings:  Growth  Improvement  of  Silver-berry  and 

Buffalo-berry  by  Inoculation  with  Mycorrhizal  Fungi  and  N2-Fixing  Bacteria. 

S.  Visser  and  R.M.  Danielson.  98  pp.  $10.00 

The  report  provides  results  of  a study:  (1)  To  determine  the  mycorrhizal  affinities  of  various 
actinorrhizal  shrubs  in  the  Fort  McMurray,  Alberta  region;  (2)  To  establish  a basis  for  justifying 
symbiont  inoculation  of  buffalo-berry  and  silver-berry;  (3)  To  develop  a growing  regime  for  the 
greenhouse  production  of  mycorrhizal,  nodulated  silver-berry  and  buffalo-berry;  and,  (4)  To  conduct  a 
field  trial  on  reconstructed  soil  on  the  Syncrude  Canada  Limited  oil  sands  site  to  critically  evaluate  the 
growth  performance  of  inoculated  silver-berry  and  buffalo-berry  as  compared  with  their  un-inoculated 
counterparts. 

45.  RRTAC  88-4:  Plains  Hydrology  and  Reclamation  Project:  Investigation  of  the  Settlement 

Behaviour  of  Mine  Backfill.  D.R.  Pauls  (compiler).  135  pp.  $10.00 

This  three  part  volume  covers  the  laboratory  assessment  of  the  potential  for  subsidence  in  reclaimed 
landscapes.  The  first  report  in  this  volume,  "Simulation  of  Mine  Spoil  Subsidence  by  Consolidation 
Tests,"  covers  laboratory  simulations  of  the  subsidence  process  particularly  as  it  is  influenced  by 
resaturation  of  mine  spoil.  The  second  report,  "Water  Sensitivity  of  Smectitic  Overburden:  Plains 
Region  of  Alberta,"  describes  a series  of  laboratory  tests  to  determine  the  behaviour  of  overburden 
materials  when  brought  into  contact  with  water.  The  report  entitled  "Classification  System  for 
Transitional  Materials:  Plains  Region  of  Alberta,"  describes  a lithological  classification  system 
developed  to  address  the  characteristics  of  the  smectite  rich,  clayey  transition  materials  that  make  up 
the  overburden  in  the  Plains  of  Alberta. 

46.  RRTAC  88-5:  Ectomycorrhizae  of  Jack  Pine  and  Green  Alder:  Assessment  of  the  Need  for 

Inoculation,  Development  of  Inoculation  Techniques  and  Outplanting  Trials  on 
Oil  Sand  Tailings.  R.M.  Danielson  and  S.  Visser.  177  pp.  $10.00 

The  overall  objective  of  this  research  was  to  characterize  the  mycorrhizal  status  of  Jack  Pine  and  Green 
Alder  which  are  prime  candidates  as  reclamation  species  for  oil  sand  tailings  and  to  determine  the 
potential  benefits  of  mycorrhizae  on  plant  performance.  This  entailed  determining  the  symbiont  status 
of  container-grown  nursery  stock  and  the  quantity  and  quality  of  inoculum  in  reconstructed  soils, 
developing  inoculation  techniques  and  finally,  performance  testing  in  an  actual  reclamation  setting. 

47.  RRTAC  88-6:  Reclamation  Research  Annual  Report  - 1987.  Reclamation  Research  Technical 

Advisory  Committee.  67  pp.  No  longer  available. 

This  annual  report  describes  the  expenditure  of  $500,000.00  of  Alberta  Heritage  Savings  Trust  Fund 
monies  on  research  under  the  Land  Reclamation  Program.  The  report  outlines  the  objectives  and 
research  strategies  of  the  four  program  areas,  and  describes  the  projects  funded  under  each  program. 

48.  RRTAC  88-7:  Baseline  Growth  Performance  Levels  and  Assessment  Procedure  for  Commercial 

Tree  Species  in  Alberta’s  Mountains  and  Foothills.  W.R.  Dempster  and 
Associates  Ltd.  66  pp.  $5.00 

Data  on  juvenile  height  development  of  lodgepole  pine  and  white  spruce  from  cut-over  or  burned  sites 
in  the  Eastern  Slopes  of  Alberta  were  used  to  define  reasonable  expectations  of  early  growth 
performance  as  a basis  for  evaluating  the  success  of  reforestation  following  coal  mining.  Equations 
were  developed  predicting  total  seedling  height  and  current  annual  height  increment  as  a function  of 
age  and  elevation.  Procedures  are  described  for  applying  the  equations,  with  further  adjustments  for 
drainage  class  and  aspect,  to  develop  local  growth  performance  against  these  expectations.  The  study 
was  co-funded  with  The  Coal  Association  of  Canada. 
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49.  RRTAC  88-8:  Alberta  Forest  Service  Watershed  Management  Field  and  Laboratory  Methods. 

A.M.K.  Nip  and  R.A.  Hursey.  4 Sections,  various  pagings.  $10.00 

Disturbances  such  as  coal  mines  in  the  Eastern  Slopes  of  Alberta  have  the  potential  for  affecting 
watershed  quality  during  and  following  mining.  The  collection  of  hydrometric,  water  quality  and 
hydrometeorologic  information  is  a complex  task.  A variety  of  instruments  and  measurement  methods 
are  required  to  produce  a record  of  hydrologic  inputs  and  outputs  for  a watershed  basin.  There  is  a 
growing  awareness  and  recognition  that  standardization  of  data  acquisition  methods  is  required  to 
ensure  data  comparability,  and  to  allow  comparison  of  data  analyses.  The  purpose  of  this  manual  is  to 
assist  those  involved  in  the  field  of  data  acquisition  by  outUning  methods,  practices  and  instruments 
which  are  reliable  and  recognized  by  the  International  Organization  for  Standardization. 

50.  RRTAC  88-9:  Computer  Analysis  of  the  Factors  Influencing  Groundwater  Flow  and  Mass 

Transport  in  a System  Disturbed  by  Strip  Mining.  F.W.  Schwartz  and 
A.S.  Crowe.  78  pp.  $10.00 

Work  presented  in  this  report  demonstrates  how  a groundwater  flow  model  can  be  used  to  study  a 
variety  of  mining-related  problems  such  as  declining  water  levels  in  areas  around  the  mine  as  a result  of 
dewatering,  and  the  development  of  high  water  tables  in  spoil  once  resaturation  is  complete.  This 
report  investigates  the  role  of  various  hydrogeological  parameters  that  influence  the  magnitude,  timing, 
and  extent  of  water  level  changes  during  and  following  mining  at  the  regional  scale.  The  modelling 
approach  described  here  represents  a major  advance  on  existing  work. 

51.  RRTAC  88-10:  Review  of  Literature  Related  to  Clay  Liners  for  Sump  Disposal  of  Drilling 

Wastes.  D.R.  Pauls,  S.R.  Moran  and  T.  Macyk.  61  pp.  $5.00 

The  report  reviews  and  analyses  the  effectiveness  of  geological  containment  of  drilling  waste  in  sumps. 
Of  particular  importance  was  the  determination  of  changes  in  properties  of  clay  materials  as  a result  of 
contact  with  highly  saline  brines  containing  various  organic  chemicals. 

52.  RRTAC  88-11:  Highvale  Soil  Reconstruction  Project:  Five  Year  Summary.  D.N.  Graveland, 

T.A.  Oddie,  A.E.  Osborne  and  L.A.  Panek.  104  pp.  $10.00 

This  report  provides  details  of  a five  year  study  to  determine  a suitable  thickness  of  subsoil  to  replace 
over  minespoil  in  the  Highvale  plains  coal  mine  area  to  ensure  return  of  agricultural  capability.  The 
study  also  examined  the  effect  of  slope  and  aspect  on  agricultural  capability.  This  study  was  funded 
and  managed  with  industry  assistance. 

53.  RRTAC  88-12:  A Review  of  the  International  Literature  on  Mine  Spoil  Subsidence.  J.D.  Scott, 

G.  Zinter,  D.R.  Pauls  and  M.B.  Dusseault.  36  pp.  $10.00 

The  report  reviews  available  engineering  literature  relative  to  subsidence  of  reclaimed  mine  spoil.  The 
report  covers  methods  for  site  investigation,  field  monitoring  programs  and  lab  programs,  mechanisms 
of  settlement,  and  remedial  measures. 

54.  RRTAC  89-1:  Reclamation  Research  Annual  Report  - 1988.  74  pp.  $5.00 

This  annual  report  describes  the  expenditure  of  $280,000.00  of  Alberta  Heritage  Savings  Trust  Fund 
monies  on  research  under  the  Land  Reclamation  Program.  The  report  outlines  the  objectives  and 
research  strategies  of  the  four  program  areas,  and  describes  the  projects  funded  under  each  program. 
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55.  RRTAC  89-2:  Proceedings  of  the  Conference:  Reclamation,  A Global  Perspective.  D.G.  Walker, 

C.B.  Powter  and  M.W.  Pole  (Compilers).  2 Vols.,  854  pp.  $10.00 

Over  250  delegates  from  all  over  the  world  attended  this  conference  held  in  Calgary  in  August,  1989. 
The  proceedings  contains  over  85  peer-reviewed  papers  under  the  following  headings:  A Global 
Perspective;  Northern  and  High  Altitude  Reclamation;  Fish  & Wildlife  and  Rangeland  Reclamation; 
Water;  Herbaceous  Revegetation;  Woody  Plant  Revegetation  and  Succession;  Industrial  and  Urban 
Sites;  Problems  and  Solutions;  Sodic  and  Saline  Materials;  Soils  and  Overburden;  Acid  Generating 
Materials;  and,  Mine  Tailings. 

56.  RRTAC  89-3:  Efficiency  of  Activated  Charcoal  for  Inactivation  of  Bromacil  and  Tebuthiuron 

Residues  in  Soil.  M.P.  Sharma.  38  pp.  $5.00 

Bromacil  and  Tebuthiuron  were  commonly  used  soil  sterilants  on  well  sites,  battery  sites  and  other 
industrial  sites  in  Alberta  where  total  vegetation  control  was  desired.  Activated  charcoal  was  found  to 
be  effective  in  binding  the  sterilants  in  greenhouse  trials.  The  influence  of  factors  such  as 
herbicideicharcoal  concentration  ratio,  soil  texture,  organic  matter  content,  soil  moisture,  and  the  time 
interval  between  charcoal  incorporation  and  plant  establishment  were  evaluated  in  the  greenhouse. 

57.  RRTAC  89-4:  Manual  of  Plant  Species  Suitability  for  Reclamation  in  Alberta  - 2nd  Edition. 

Hardy  BBT  Limited.  436  pp.  $10.00 

This  is  an  updated  version  of  RRTAC  Report  80-5  which  describes  the  characteristics  of  43  grass,  14 
forb  and  34  shrub  and  tree  species  which  make  them  suitable  for  reclamation  in  Alberta.  The  report 
has  been  updated  in  several  important  ways:  a line  drawing  of  each  species  has  been  added;  the  range 
maps  for  each  species  have  been  redrawn  based  on  an  ecosystem  classification  of  the  province;  new 
information  (to  1990)  has  been  added,  particularly  in  the  sections  on  reclamation  use;  and  the  material 
has  been  reorganized  to  facilitate  information  retrieval.  Of  greatest  interest  is  the  performance  chart 
that  precedes  each  species  and  the  combined  performance  charts  for  the  grass,  forb,  and  shrub/tree 
groups.  These  allow  the  reader  to  pick  out  at  a glance  species  that  may  suit  their  particular  needs.  The 
report  was  produced  with  the  assistance  of  a grant  from  the  Recreation,  Parks  and  Wildlife  Foundation. 

58.  RRTAC  89-5:  Battle  River  Soil  Reconstruction  Project  Five  Year  Summary.  L.A.  Leskiw. 

188  pp.  $10.00 

This  report  summarizes  the  results  of  a five  year  study  to  investigate  methods  required  to  return 
capability  to  land  surface  mined  for  coal  in  the  Battle  River  area  of  central  Alberta.  Studies  were 
conducted  on:  the  amounts  of  subsoil  required,  the  potential  of  gypsum  and  bottom  ash  to  amend 
adverse  soil  properties,  and  the  effects  of  slope  angle  and  aspect.  Forage  and  cereal  crop  growth  was 
evaluated,  as  were  changes  in  soil  chemistry,  density  and  moisture  holding  characteristics. 

59.  RRTAC  89-6:  Detailed  Sampling,  Characterization  and  Greenhouse  Pot  Trials  Relative  to 

Drilling  Wastes  in  Alberta.  T.M.  Macyk,  F.I.  Nikiforuk,  S.A.  Abboud  and 
Z.W.Widtman.  228  pp.  $10.00 

This  report  summarizes  a three-year  study  of  the  chemistry  of  freshwater  gel,  KCl,  NaCl,  DAP,  and 
invert  drilling  wastes,  both  solids  and  liquids,  from  three  regions  in  Alberta:  Cold  Lake,  Eastern 
Slopes,  and  Peace  River/Grande  Prairie.  A greenhouse  study  also  examined  the  effects  of  adding 
various  amounts  of  waste  to  soil  on  grass  growth  and  soil  chemistry.  Methods  for  sampling  drilling 
wastes  are  recommended. 

60.  RRTAC  89-7:  A User’s  Guide  for  the  Prediction  of  Post-Mining  Groundwater  Chemistry  from 

Overburden  Characteristics.  M.R.  Trudell  and  D.C.  Cheek  55  pp.  $5.00 

This  report  provides  the  detailed  procedure  and  methodology  that  is  required  to  produce  a prediction 
of  post-mining  groundwater  chemistry  for  plains  coal  mines,  based  on  the  soluble  salt  characteristics  of 
overburden  materials.  The  fundamental  component  of  the  prediction  procedure  is  the  geochemical 
model  PHREEQE,  developed  by  the  U.S.  Geological  Survey,  which  is  in  the  public  domain  and  has 
been  adapted  for  use  on  personal  computers. 
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61.  RRTAC  90-1:  Reclamation  Research  Annual  Report  - 1989.  62  pp.  $5.00 

This  annual  report  describes  the  expenditure  of  $480,000.00  of  Alberta  Heritage  Savings  Trust  Fund 
monies  on  research  under  the  Land  Reclamation  Program.  The  report  outlines  the  objectives  and 
research  strategies  of  the  four  program  areas,  and  describes  the  projects  funded  under  each  program. 

62.  RRTAC  90-2:  Initial  Selection  for  Salt  Tolerance  in  Rocl^  Mountain  Accessions  of  Slender 

Wheatgrass  and  Alpine  Bluegrass.  R.  Hermesh,  J.  Woosaree,  BA.  Darroch, 

S. N.  Acharya  and  A Smreciu.  40  pp.  $5.00 

Selected  lines  of  slender  wheatgrass  and  alpine  bluegrass  collected  from  alpine  and  subalpine  regions 
of  Alberta  as  part  of  another  native  grass  project  were  evaluated  for  their  ability  to  emerge  in  a saline 
medium.  Eleven  slender  wheatgrass  and  72  ^pine  bluegrass  lines  had  a higher  percentage  emergence 
than  the  Orbit  Tall  Wheatgrass  control  (a  commonly  available  commercial  grass).  This  means  that  as 
well  as  an  ability  to  grow  in  high  elevation  areas,  these  lines  may  also  be  suitable  for  use  in  areas  where 
saline  soil  conditions  are  present.  Thus,  their  usefulness  for  reclamation  has  expanded. 

63.  RRTAC  90-3:  Natural  Plant  Invasion  into  Reclaimed  Oil  Sands  Mine  Sites.  Hardy  BBT 

Limited.  65  pp.  $5.00 

Vegetation  data  from  reclaimed  sites  on  the  Syncrude  and  Suncor  oil  sands  mines  have  been 
summarized  and  related  to  site  and  factors  and  reclamation  methods.  Natural  invasion  into  sites 
seeded  to  agronomic  grasses  and  legumes  was  minimal  even  after  15  years.  Invasion  was  slightly 
greater  in  sites  seeded  to  native  species,  but  was  greatest  on  sites  that  were  not  seeded.  Invasion  was 
mostly  from  agronomic  species  and  native  forbs;  native  shrub  and  tree  invasion  was  minimal. 

64.  RRTAC  90-4:  Physical  and  Hydrological  Characteristics  of  Ponds  in  Reclaimed  Upland 

Landscape  Settings  and  their  Impact  on  Agricultural  Capability.  Moran,  S.R., 

T. M.  Macyk,  M.R.  Trudell  and  M.E.  Pigot,  Alberta  Research  Council.  76  pp. 
$5.00 

The  report  details  the  results  and  conclusions  from  studying  a pond  in  a reclaimed  upland  site  in  Vesta 
Mine.  The  pond  formed  as  a result  of  two  factors:  (1)  a berm  which  channelled  meltwater  into  a series 
of  subsidence  depressions,  forming  a closed  basin;  and  (2)  low  hydraulic  conductivity  in  the  lower 
subsoil  and  upper  spoil  as  a result  of  compaction  during  placement  and  grading  which  did  not  allow  for 
rapid  drainage  of  ponded  water.  Ponds  such  as  this  in  the  reclaimed  landscape  can  affect  agricultural 
capability  by:  (1)  reducing  the  amount  of  farmable  land  (however,  the  area  covered  by  these  ponds  in 
this  region  is  less  than  half  of  that  found  in  unmined  areas);  and,  (2)  creating  the  conditions  necessary 
for  the  progressive  development  of  saline  and  potentially  sodic  soils  in  the  area  adjacent  to  the  pond. 

65.  RRTAC  90-5:  Review  of  the  Effects  of  Storage  on  Topsoil  Quality.  Thurber  Consultants  Ltd., 

Land  Resources  Network  Ltd.,  and  Norwest  Soil  Research  Ltd.  116  pp.  $10.00 

The  international  literature  was  reviewed  to  determine  the  potential  effects  of  storage  on  topsoil 
quality.  Conclusions  from  the  review  indicated  that  storage  does  not  appear  to  have  any  severe  and 
longterm  effects  on  topsoil  quality.  Chemical  changes  may  be  rectified  with  the  use  of  fertilizers  or 
manure.  Physical  changes  appear  to  be  potentially  less  serious  than  changes  in  soil  quality  associated 
with  the  stripping  and  respreading  operations.  Soil  biotic  populations  appear  to  revert  to 
pre-disturbance  levels  of  activity  within  acceptable  timeframes.  Broad,  shallow  storage  piles  that  are 
seeded  to  acceptable  grass  and  legume  species  are  recommended;  agrochemical  use  should  be 
carefully  controlled  to  ensure  soil  biota  are  not  destroyed. 
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66.  RRTAC  90-6:  Proceedings  of  the  Industry/Government  Three-Lift  Soils  Handling  Workshop. 

Deloitte  & Touche.  168  pp.  $10.00 

This  report  documents  the  results  of  a two-day  workshop  on  the  issue  of  three-lift  soils  handling  for 
pipelines.  The  workshop  was  organized  and  funded  by  RRTAC,  the  Canadian  Petroleum  Association 
and  the  Independent  Petroleum  Association  of  Canada.  Day  one  focused  on  presentation  of 
government  and  industry  views  on  the  criteria  for  three-lift,  the  rationale  and  field  data  in  support  of 
three-  and  two-lift  procedures,  and  an  examination  of  the  various  soil  handling  methods  in  use.  During 
day  two,  five  working  groups  discussed  four  issues:  alternatives  to  three-lift;  interim  criteria  and 
suggested  revisions;  research  needs;  definitions  of  terms.  The  results  of  the  workshop  are  being  used 
by  a government/industry  committee  to  revise  soils  handling  criteria  for  pipelines. 

67.  RRTAC  90-7:  Reclamation  of  Disturbed  Alpine  Lands:  A Literature  Review.  Hardy  BBT 

Limited.  209  pp.  $10.00 

This  review  covers  current  information  from  North  American  sources  on  measures  needed  to  reclaim 
alpine  disturbances.  The  review  provides  information  on  pertinent  Acts  and  regulations  with  respect 
to  development  and  environmental  protection  of  alpine  areas.  It  also  discusses:  alpine  environmental 
conditions;  current  disturbances  to  alpine  areas;  reclamation  planning;  site  and  surface  preparation; 
revegetation;  and,  fertilization.  The  report  also  provides  a list  of  research  and  information  needs  for 
alpine  reclamation  in  Alberta. 

68.  RRTAC  90-8:  Plains  Hydrology  and  Reclamation  Project:  Summary  Report.  S.R.  Moran, 

M.R.  Trudell,  T.M.  Macyk  and  D.B.  Cheek  105  pp.  $10.00 

This  report  summarizes  a 10-year  study  on  the  interactions  of  groundwater,  soils  and  geology  as  they 
affect  successful  reclamation  of  surface  coal  mines  in  the  plains  of  Alberta.  The  report  covers: 
Characterization  of  the  Battle  River  and  Wabamun  study  areas;  Properties  of  reclaimed  materials  and 
landscapes;  Impacts  of  mining  and  reclamation  on  post-mining  land  use;  and,  Implications  for 
reclamation  practice  and  regulation.  This  project  has  led  to  the  publication  of  18  RRTAC  reports  and 
22  papers  in  conference  proceedings  and  refered  journals. 

69.  RRTAC  90-9:  Literature  Review  on  the  Disposal  of  Drilling  Waste  Solids.  Monenco 

Consultants  Limited.  83  pp.  $5.00 

This  report  reviews  the  literature  on,  and  government  and  industry  experience  with,  burial  of  drilling 
waste  solids  in  an  Alberta  context.  The  review  covers  current  regulations  in  Alberta,  other  provinces, 
various  states  in  the  US  and  other  countries.  Definitions  of  various  types  of  burial  are  provided,  as  well 
as  brief  summaries  of  other  possible  disposal  methods.  Environmental  concerns  with  the  various 
options  are  presented  as  well  as  limited  information  on  costs  and  monitoring  of  burial  sites.  The  main 
conclusion  of  the  work  is  that  burial  is  still  a viable  option  for  some  waste  types  but  that  each  site  and 
waste  type  must  be  evaluated  on  its  own  merits. 
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